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The eleventh edition contains new information about the
significance of the human microbiome on human health
and development, an expanded coverage of health care-
associated infections caused by multidrug resistant organisms,
and the appearance of arboviruses such as chikungunya,
dengue and Zika into the Americas.The book is divided
into eight major sections, containing a total of 21 chap-
ters. Each chapter contains a Chapter Outline, Learning

iectives, Self-Assessment Exercises, and information
ut the contents. Interesting historical information,

in the form of “ Historical Notes,” is spread throughout
the book and is presented in appropriate chapters. More
Critical Thinking questions have been added, and they are
located on Po nt.

Obi

Burton ys Microbiology for the Health Sciences ha<

primarily for nurses and other health care professionals.
This book provides students of these professions with
vital microbiology information that will enable them to
carry out their duties in an informed, safe, and efficient
manner and protect themselves and their patients from
infectious diseases. It is appropriate for use in any intro-
ductory microbiology course because it contains all of the
concepts and topics recommended by the American Society
for Microbiology for such courses. Unlike many of the
lengthy introductory microbiology texts on the market,
all of the material in this book can be covered in a typical
undergraduate microbiology course.

n written



ADDITIONAL RESOURCES 

Burton 1 Microbiology for the Health Sciences, 11th edition, 
includes additional resources for both instructors and stu
dents that are available on the book's companion website 
at http://thePoint.lww.com/Engelkirkll e. 

lnsb'uctor Resources 
Approved adopting instructors will be given access to the 
following additional resources: 

• Image Bank 
• Test Generator 
• Lesson Plans 
• PowerPoint Slides 
• Clinical Microbiology Laboratory Procedures Manual 
• Guidelines for Handling Microorganisms in the Teaching 

Laboratory 
• Instructor's Guide 

• Answers to Critical Thinking Questions 
• Laboratory Activities 

StudentResou~ 

Students who have purchased Burton1 Microbiology for the 
Health Sciences, 11th edition, have access to the following 
additional resources: 

• Animations covering various topics in the text 
• Interactive Quiz Bank 
• Student Guide 

• Additional Self-Assessment Exercises for each chapter 
• Lists of new terms in each chapter 
• Review of Key Points 
• Special "A Closer Look," "Increase Your Knowledge," 

and "Critical Thinking'' sections to provide additional 
insight as well as interesting facts on selected topics 
from the text 

• Appendix 1: Microbial Intoxications 
• Appendix 2: Phyla and Medically Important Genera 

within the Domain Bacteria 
• Appendix 3: Basic Chemistry Concepts 
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• Appendix 4: Responsibilities of the Clinical Microbiology 
Laboratory 

• Appendix 5: Clinical Microbiology Procedures 
• Appendix 6: Preparing Solutions and Dilutions 

Purchasers of the text can access the resources online at 
the Burtrm 1 Microbiology for the Health Sciences, 11th editirm, 
website at http:/ /thePoint.lww.com/Engelkirkll e. See the 
inside front cover of this text for more details, including 
the passcode you will need to gain access to the website. 

TO OUR READERS 

As you will discover, the concise nature of this book makes 
each sentence significant. Thus, you will be intellectually 
challenged to learn each new concept as it is presented. It 
is our hope that you will enjoy your study of microbiology 
and be motivated to further explore this exciting field, 
especially as it relates to your occupation. Many students 
who have used this textbook in their introductory micro
biology course have gone on to become infection control 
nurses, epidemiologists, medical laboratory professionals, 
and microbiologists. 
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User's Guide 

In today's health careers, a thorough understanding of 
microbiology is more important than ever. But't(m l' Micro
biology for the Health Sciemes, 11th edition. not only provides 
the conceptual knowledge you will need but also teaches 
you how to apply it. This User's Guide introduces you to 
the features and tools of this innovative textbook.. Each 
feature is specifical1y designed to enhance your learning 
experience, preparing you for a successful career as a health 
professional. 

Chapter Opener Features 
. · · · · · · · ·· · · · h · ·· I'~ · · · -- · · :.. · · · P· · · ··· · " · · · · · · · ·· · · · -· · · · · · · 
guide you through the remainder of the lesson. 

Chapter Outline 
Serves as a "roadmap" to the material ahead. 

Learning Objectives 
Highlight important concepts-helping you to organi.Le 
and prioritize learning. a 

lntrOCJ uction 

Chapter Features 
The following features appear throughout the body of 
the chapter. They are designed to hone critical thinking 
skills and judgment, build clinical proficiency, and promote 
comprehension and retention of the material. 

VIII 

HISTORICAL 

Cullurtng Bacterta In 1he 
Leboratorr 

The Mllleet eucceeetul at
temptS to cultuN microorg.,

illme in alabclndvry 118tting 
wwv made by Ferdinand 
Cohn (1872), J01111ph Schl'l)o 
etar (1875), and Oacer 

Breleld (1875). Robert Koch 
dascr1btld hiB cultln tllchnlq~ In 1 881. Initially, 
Koch ueeclellcee o1 boiled potatoee on which to cul
ture beet8rta. but he later developed both liquid and 
IIOiid lonna of .tficial med iL GIIIIIWI wu initially 
Ullld as • 110lidifying agent in Koc:h's Wlln madie, 
bulln 18112, Fanny H-. the wlr. ol Dr. Walther 
Heaaa -one of Koch's 8881stantB-auggll8ted tha usa 
of ager. Frau H- (as she Ia moat commonly callad) 
hed been ualng agar In hill' klb:han far many yaera as 
a IOIICI~D agent In truft and vegetable Jellies. Air 
other Koch'e ueletlnt, Richard J.,.lue Petit, lnverrted 
glu8 Petri dilhee in 1887 far uee u containn far 
IIOiid cultul\'l media M1CI bacterial cullur\'18. The Petri 
dishes in u1111 today are virtually unchanged flam 1he 
orlglnaJ design, except thet moat of today'll laborato
ries UM plastic, pl'lllllerlllzed, dlapMabla Petrl dlahaa. 
In 1878, Jaseph Uslar beca'na 1ha trst parson to 

Overview of 
Human Infectious 
Diseases 

-.................. 
....... ._4 ... &.. 
___ .. _ 
---· .. -----... ------· .. --

.....__ .... -----l,_CII • ._.llld ---~ ........ .,. .............. -................. --
..... ~ .... .......,,.. .................. 

---~ ...... ---_.,._ 
---_ .. _ ----------

~Pie-.·---................... -.-.................. .... ......... ..-.-=...-.~~ .. ~~~~-~-
4~.-..~~brlll:loiiJ llf"**IIWII) 
........... ~fii--WIWJ 

Historical Note Boxes 
Provide insight into the history and 
development of microbiology and 
health care. 



Spotlighting Boxes 
These are a new feature spotlighting 
health care careers. 

Bacterial Names Sometimes 
Provide a Clue to Their Shape 

If "COCCU8" ~ '"the n.arn. of a 
bactarium, you automatically know 
thellhapa of the or;anrsm-llphel'lcel. Exam· 
pies include gen&l1l such u .fnllwcoccus, 
Mlctococcut, Pep~tocoeew. StaphyloCOCCI!$, 
and Stniptococc:u.'J. How-. not all cocci have 
•cocc:us" In their na/1'18$ (e.g., Na/IIHl1e t!PP-}. rr 
•bacillus" appaars In tha name of a bactarlJm, you 
autorna1lcelty knt:YN the ShaPe or the or;Mllsm-~ 
shaped or ractangular. Exe.mplas Include genera 
..... -- ·-··--··-"'·- ----... --·-· ecHiu& 

•cllll have 

....., 

.~. 
' . 

POTLIGHTING 

Epldemlologlats 818 aclentlsta who apecla~ 
lze In the study or dl .... and Injury pal
terns ~ncldence and dlalrlbutlon patterns) 
In populations and W8)'8 to prwvent or 

contJol dleeaaes and Injuries. Epldemlologlsta 
8lUdy virtually all types or dleeaaes, Including 
tart, hereditary, communicable, and zoonotic 

dl ..... and cancer. In somewayll, epldem~ 
gists are like dllease detecllvee, galhertng and placing 
tog-'her clues to determine whal C8UI88 a particular 
dlseae, why h occurs only at certain times, and why 
certain people In a population gel the dlleue wtwna 
others do not. Quite often, epldemloloQistl818 called 
on to track down the cauee or epidemics and figure 
out how to stop them. Data collection and statlstl· 
cal~ or data.,. among the many dudes or 
epldemloloQists. 

Study Aid Boxes 
Summarize key information. explain 
difficult concepts. and differentiate 
similar-sounding terms. 

SOMETHING 
TO THINK 
ABOUT Something to Think About 

These boxes contain information that 
will stimulate students to ponder inter
esting possibilities. 

•Initially hailed as 'magic bullets,' 
[antibiotics) are now used so often 

that auCC818 threatens their long-term 
utility. Unfortunately, the natural mutability 

'llli•liA- of micn:Jbas enables pathogens to d• 
velap bullet-praof shields that make an-

tibiotic treatments lncraulngly lnaffectlve. 
Our 18ilura to adequately addraaa raaistanca problema 
may ultimalaly push the control of infectious di188181 
back to the 1ft11enlclllln era.• (Fram Drtlca K, Perlin 
DS. Antibiotic Reslslllnce: UndetstBndlng and ,. 
sponding to an Emetging Ctilia. Upper Saddle River, 
NJ: Pearson Education, Inc; 2011.) 

Jx 



Key Points 
Help you pinpoint the main ideas 
of the text. 1 

\ 
'• relaticmship is t4e termite and its intestillal protozoa. The 

protozoa digest '1 wood etten by the termite. enabling both 
.------1--, organisms to absorbthenuttienu 
Malaria, giardiasis, 
Aftlcan sleeping 
8ickne8s, and ame
bic dysentefy a~e 
examples of human 
diseuee caused by 
parasitic protozoa. 

necessary for life. Without the 
intestinal protozoa, the termite 
would be unable to digert the 
wood thatit eau and would starve 
to death. Symbiotic relationships 
are discussed in greater d.euil in 
Chapter 10. 

Self-Assessment Exercises 
Help you gauge your understanding of 
what you ha:ve learned. 

oN the Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 

• 

• Spotlighting Additional Careers In Microbiology 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

X ? 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following individuals is considered to 
be the "Father of Microbiology?• 
a. Anton van Leeuwenhoek 
b. Louis Pasteur 
c. Robert Koch 
d. Rudolf Vlrchow 

2. The microbes that usually live on or in a person are 
collectively referred to as: 
a. germs 
b. indigenous microbiota 
c. nonpathogens 
d. opportunistic pathogens 

ON 11 Point Boxes 
D.irect you to additional content and exercises for review 
on Pont. 
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• Define microbiology, pathogen, nonpathogen, and 
opportunistic pathogen 

• Differentiate between infectious diseases and 
microbial intoxications 

• Differentiate between acellular microbes and 
microorganisms and list S8118ral examples 
of each 

• List S8118ral reasons why microbes are important 
(e.g., as a source of antibiotics) 

• Explain the relationship between microbes and 
infectious diseases 

• List some of the contributions of Leeuwenhoek, 
Pasteur, and Koch to microbiology 

• Differentiate between biogenesis and abiogenesis 
• Explain the germ theory of disease 
• Outline Koch's Postulates and cite some 

circumstances in which they may not apply 
• Discuss two medically related 1ields of microbiology 

INTRODUCTION 

Welcome to the fascinating world of microbiology, where 
you will learn about creatures so small that the vast majority 
cannot be seen with. the naked eye. In this chapter, you will 
discover the effects that these tiny creatures have on our 

daily lives, the ecosystems, and the environment around 
us, and why knowledge of them is of great importance 
to health care professionals. You will learn that some of 
them are our friends, whereas others are our enemies. 
You are about to embark on an exciting journey. Enjoy 
the adventure! 

1 
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WHAT IS MICROBIOLOGY? 

The study of microbiology is essentially an advanced 
biology course. Ideally. students taking microbiology will 

Microbiology is the 
study of microbes. 
With only rare ex
ceptions, Individual 
microbes can be ob
served only with the 
use of various types 
of microscopes. 

have some background in biology. 
Although biology is the study 
of living organisms (from bios. 
referring to living organisms. 
and logy. meaning "the study of"). 
microbiology includes the study 
of certain nonliving entities as 
well as certain living organisms. 

.i Collectively. these nonliving enti-
ties and living organisms are called microbes. Micro means 
very small-anything so small that it must be viewed with 
a microscope (an optical instrument used to observe very 
small objects). Therefore. microbiology can be defined as 
the~ <(microbes. With only rare exceptions (described 
in Chapter 4). individual microbes 
can be observed only with the use The two maJor 
of various types of microscopes. categortes of 
Microbes are said to be uhiqui- microbes are 
tous, meaning they are virtually called acellular 
everywhere. microbes (also 

The various categories of called infectious 
microbes are viruses, bacteria, particles) and 
archaea, protozoa, and cer- cellular microbes 
tain types of algae and fungi (also called microor
(Fig. 1-1). These categories of ganisms). Acellular 
microbes are discussed in detail microbes include 
in Chapters 4 and 5. Because most viruses and prions. 

Cellular microbes 
scientists do not consider viruses Include all bacterta, 
to be living organisms, they are all archaea, all pro-
o~n re~rr~.d to ~s "ace~ul~ tozoa, some algae, I 
m1crobes or mfectlous partlcles and some fungi. 
rather than microorganisms. "-- - ' 

Your first introduction to microbes may have been 
when your mother warned you about "genns" (Fig. 1-2). 
Although not a scientific term, genns are the microbes 
that cause disease. Your mother worried that you might 
become infected with these types of microbes. Dis
ease-causing microorganisms are technically known as 
pathogens (also refetted to as infectious agents) (Table 1-1 ). 
Actually, only about 3% of known microbes are capable of 

Microbes that 
causing disease (i.e., only about 
3% are pathogenic). Thus, the 
vast majority of known microbes 
are nonpathogens-microbes 
that do not cause disease. Some 
nonpathogens are beneficial to 
us, whereas others have no effect 

cause disease are 
known as patho
gens. Those that 
do not cause dis
ease are called 
nonpathogens. 

..J on us at all In newspapers and 
on television, we read and hear more about pathogens 
than we do about nonpathogens, but in this book you 
will learn about both categories-the microbes that help 
us ("microbial allies") and those that harm us ("microbial 
enemies"). 

( Microbes 

Acellularlnfectloue Agente 
Prions 
VIruses 

I _ .. Cellular 
Lcroorganla~ 

Prokaryatee j Archaaa 
Bacteria . 

Figure 1-1. Acellular and cellular microbes. Acellular mi
crobes (also known as infectious particles) include prions and 
viruses. Cellular microbes include the less complex prokary
otes (organisms composed of cells that lack a true nucleus, 
such as archaea and bacteria) and the more complex eukary
ote. (organisms composed of cells that contain a true nucleus, 
such as algae, protozoa, and fungO. Prokaryotes and eukary
otes are discussed more fully in Chapter 3. 

Figure 1-2. •Genna. • In all likelihood, your mother was your 
first microbiology instructcr. Not only did she alert you to the 
fact that then!l were •invisible" critters in the world that could 
harm you, she also taught you the fundamentals of hygiene
like hand washing. 

WHY STUDY MICROBIOLOGY? 

Although they are very small, microbes play significant 
roles in our lives. Listed in the following are a few of the 
many reasons to take a microbiology course and to learn 
about microbes: 

• We have, living on and in our bodies (e.g., on our skin 
and in our mouths and intestinal tract), approximately 
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Pathogens 

Category Examples of Dilea8811hey Cauee 

Algae 
Bacteria 

A very rare cause of Infections, can cause Intoxications (which result from Ingestion of toxins) 
Anthrax, botulism, cholera, diarrhea, diphtheria, ear and eye Infections, food poisoning, gas gangrene, gonorrhea, 

hemolytic uremic syndrome, Intoxications, Legionnaires disease, leprosy, Lyme disease, meningitis, plague, 
pneumonia, spotted fever, scarlet fever, rickettsiosis, staph Infections, strep throat, syphilis, tetanus, tubercu
losis, tularemia, typhoid fever, typhus, urethritis, urinary tract infections, whooping cough 

Fungi Allergies, cryptococcosis, histoplasmosis, intoxications, meningitis, pneumonia, thrush, tinea (ringworm) infec
tions, yeast vaginitis 

Protozoa African sleeping sickness, amebic dysentery, babesiosis, Chagas disease, cryptosporidiosis, diarrhea, giardiasis, 
malaria, meningoencephalitis, toxoplasmosis, trichomoniasis 

Viruses AIDS, "bird flu,• certain types of cancer, chickenpox, chikungunya, cold sores (fever blisters), common cold, 
dengue, dianhea, encephalitis, genital herpes infections, German measles, hantavirus pulmonary syndrome, 
hemorrhagic fevers, hepatitis, infectious mononucleosis, influenza, measles, meningitis, monkeypox. mumps, 
pneumonia, polio, rabies, severe acute respiratory syndrome, shingles, smallpox, "swine flu," warts, yellow I 
fever, Zlka 

-~~-~~~~~~~~~"' 

The microbes 
that live on and In 
the human body 
al'8 referred to as 
our indigenous 
micro biota. 

' 10timesasmanymicrobesasthe 
total number of cells (i.e., epithelial 
cells, nerve cells, muscle cells) that 
make up our bodies (10 trillion 
cells x 10 = 100 trillion microbes). 
It has been estimated that perhaps 
as many as 500 to 1,000 different 

species of microbes live on and in us. Collectively, these 
microbes are known as our indigenous microbiota (or 
human microbiome)' and, for the most part, they are of 
benefit to us. For example, the indigenous microbiota 
inhibit the growth of pathogens in those areas of the body 
where they live by occupying space, depleting the food 
supply, and secreting materials (waste products, toxins, 
antibiotics, etc.) that may prevent or reduce the growth 
of pathogens. Indigenous micro biota are discussed more 
fully in Chapter 10. 

Opportunistic 
pathogens do not 
cause disease under 

• Some of the microbes that 
colonize (inhabit) our bodies 
are known as opportunistic 
pathogens (or opporttmim).Al
though these microbes usually 
do not cause us any problems, 
they have the potential to cause 
infections if they gain access to 

ordinary conditions, 
but have 1he poten
tial to cause disease 
should the opportu
nHy present Itself. 

_J a part of our anatomy where 
they do not belong. For example, a bacterium called 
Escherichia coli lives in our intestinal tracts. This organism 
does not cause us any hann as long as it remains in our 
intestinal tract, but can cause disease if it gains access 
to our urinary bladder, bloodstream, or a wound. Other 
opportunistic pathogens strike when a person becomes 

'The use of the older terms "normal Bora" and "indigenous mi
croftora" is discouraged because "flora" refers to plants. Microbes 
are not plants. 

run-down, stressed out, or debilitated (weakened) as a 
result of some disease or condition. Thus, opportunistic 
pathogens can be thought of as microbes awaiting the 
opportunity to cause disease. 

• Microbes are essential for life on this planet as we 
know it. For example, some microbes produce oxygen 
by the process known as photosynthesis (discussed in 
Chapter 7). Actually, microbes contribute more oxygen 
to our atmosphere than do plants. Thus, organisms that 
require oxygen-humans, for example-owe a debt of 
gratitude to the algae and cyanobacteria (a group of 
photosynthetic bacteria) that produce oxygen. 

• Many microbes are involved in the decomposition of dead 
organisms and the waste products of living organisms. 
Collectively, these microbes are refened to as decom
posers or saprophytes. Decomposition is the process by 
which substances are broken down into simpler fonns 
of matter. By definition, a saprophyte is an organism 
that lives on dead or decaying organic matter. Imagine 
living in a world with no decomposers. Not a pleasant 
thought! Saprophytes aid in fertilization by returning 
inorganic nutrients to the soil. They break down dead 
and dying organic materials (plants and animals) into 
nitrates, phosphates, and other chemicals necessary for 
the growth of plants (Fig. 1-3). 

• Some microbes are capable of decomposing indus
trial wastes (oil spills, for example). Thus, we can use 
microbes-genetically engineered microbes, in some 
cases-to clean up after ourselves. The use of microbes 
in this manner is called bioremediation, a topic discussed 
in more detail in Chapter 10. Genetic engineering is 
discussed briefly in a following section and more fully 
in Chapter 7. 

• Many microbes are involved in elemental cycles, such as 
the carbon, nitrogen, oxygen, sulfur, and phosphorous 
cycles. In the nitrogen cycle, certain bacteria convert 
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-
Figure 14. Saprophytes. Saprophytes break down dead and decaying organic material Into Inorganic nutrients In the son. 

Ammonia 

Figure 1-4. Nitrogen fixation. Nitrogen-fixing bacteria that live on or near the roots of legumes convert free nitrogen from the air 
into ammonia in the soil. Nitrifying bacteria then convert the ammonia into nitrites and nitrates, which are nutrients used by plants. 



Figure 1-5. Food chain. Tiny living organisms such as bac
teria, algae, microscopic aquatic plants (e.g., phytoplankton), 
and microscopic aquatic animals (e.g., zooplankton) are eaten 
by larger animals, which in tum are eaten by still larger animals, 
until an animal in the chain is consumed by a human. Humans 
are at Ute top of the food chain. 

nitrogen gas in the air to ammonia in the soil. Other 
soil bacteria then convert the ammonia to nitrites and 
nitrates. Still other bacteria convert the nitrogen in nitrates 
to nitrogen gas, thus completing the cycle (Fig. 1-4). 
Knowledge of these microbes is important to furmers 
who practice crop rotation to replenish nutrients in 
their fields and to gardeners who keep compost pits as 
a source of natural fertilizer. In both cases, dead organic 
material is broken down into inorganic nutrients (e.g., 
nitrates and phosphates) by microbes. The study of the 
relationships between microbes and the environment 
is called microbial ecology. Microbial ecology and the 
nitrogen cycle are discussed more fully in Chapter 10. 

• Algae and bacteria serve as food for tiny animals. Then, 
larger animals eat the smaller creatures, and so on. Thus, 
microbes serve as important links in food chains (Fig. 1-5). 
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Microscopic organisms in the ocean, collectively referred 
to as plankton, serve as the starting point of many food 
chains. Tiny marine plants and algae are called phytoplank
ton, whereas tiny marine animals are called zooplankton. 

• Some microbes live in the intestinal tracts of animals, 
where they aid in the digestion of food and, in some 
cases, produce substances that are of wlue to the host 
animal. For example, the E. coli bacteria that live in the 
human intestinal tract produce vitamins K and B1, which 
are absorbed and used by the human body. Although 
termites eat wood, they cannot digest wood. Fortunately 
for them, termites have cellulose-eating protozoa in 
their intestinal tracts that break down the wood that 
the tennites consume into smaller molecules that the 
termites can use as nutrients. 

• Many microbes are essential in various food and beverage 
industries, whereas others are used to produce certain 
enzymes and chemicals (fable 1-2). The use of living 
organisms or their derivatives to make or modify useful 
products or processes is called biotechnology, an exciting 
and timely topic that is discussed more fully in Chapter 10. 

• Some bacteria and fungi produce antibiotics that are used 
to treat patients with infectious diseases. By definition, 
an antibiotic is a substance produced by a microbe that 
is effective in killing or inhibiting the growth of other 
microbes. The use of microbes in the antibiotic industry 
is an example of biotechnology. Production of antibiotics 
by microbes is discussed in Chapter 9. 

• Microbes are essential in the field of genetic engineer
ing, where a gene or genes from one organism (e.g., 
from a bacterium, a human, an animal, or a plant) is/are 
inserted into a bacterial or yeast cell. Because a gene 
contains the instructions for the production of a gene 
product (usually a protein), the cell that receives a new 
gene can now produce whatever product is coded for by 
that gene; so too can all of the cells that arise from the 
original cell. Microbiologists have engineered bacteria 
and yeasts to produce a variety of useful substances, such 
as insulin, various types of growth hormones, interferons, 
and materials for use as vaccines. Genetic engineering is 
discussed more fully in Chapter 7. 

Products Requiring Microbial Participation in the Manufacturing Process 

Category 

Foods 

Alcoholic beverages 
Chemicals 
Antibiotics 

Examples 

Acldophllus milk, bread, buHer, buHermllk, chocolate, coffee, flsh sauces, green olives, kfmchl {from cab
bage), meat products (e.g., country-cured hams, sausage, salamO, pickles, pol (fermented taro root), 
sauerkraut, sour cream, sourdough bread, aoy sauce, various cheeses (e.g., cottage cheese, cream 
cheese, cheddar, Swiss, Limburger, Camembert, Roquefort, and other blue cheeses), vinegar, yogurt 
(Fig. 1-6} 

Ale, bear, brandy, sake (rice wine), rum, sherry, vodka, whiskey, wine 
Acetic acid, acetone, butanol, citric acid, ethanol, formic acid, glycerol, isopropanol, lactic acid 
Amphotericin B, bacitracin, oephalosporins, chloramphenicol, cycloheximide, cycloserine, erythromycin, 

griseofulvin, kanamycin, lincomycin, neomycin, novobiocin, nystatin, penicillin, polymyxin B, strepto- I 
mycin, tetracycline 

-------------------------------------------------------------------------------·~ 
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.., . . 

Flgure1-l. 1be holes (•eyes., In Swiss cheese are caused 
by gases produced by various species of bacterta. The 
blue veins seen In blue cheese are caused by a mould In the 
genus Penfc/11/um. 

• For many years, microbes have been used as "cell models." 
The more the scientists learned about the structure and 
functions of microbial cells, the more they learned about 

,-------~..., cells in general. The intestinal 
Pathogens cause 
two major types of 
diseases: Infectious 

bacterium E. coli is one of the 
most studied of all microbes. By 
studying E. coli, scientists have 

diseases and micro- learned a great deal about the 
blallntoxlcatlons. .J composition and inner workings 

of cells, including human cells. 
• Finally, we come to diseases. Microbes cause two categories 

of diseases: infectious diseases and microbial intoxications 
(Fig. 1-7). An infectious disease results when a pathogen 
colonizes the body and subsequendy causes disease. A 
microbial intoxication results when a person ingests a tozm 
(poisonous substance) that has been produced by a microbe. 
Of the two categories, infectious diseases cause far more 
illnesses and deaths. Infectious diseases are the leading 
cause of death in the world and the third leading cause of 
death in the United States (after heart disease and cancer). 
Worldwide, infectious diseases cause about 50,000 deaths 
per day, with the majority of deaths occurring in developing 
countries. Anyone pursuing a career in a health care pro
fession must be aware of infectious diseases, the pathogens 
that cause them, the sources of the pathogens, how these 
diseases are transmitted, and how to protect yourself and 
your patients from these diseases. Physicians' assistants; 
nurses; surgical technologists; dental assistants; laboratory 
scientists; occupational, physical. and respiratory therapists; 
orderlies; nurses' aides; and all others who are associated 
with patients and patient care must take precautions to 
prevent the spread of pathogens. Harmful microbes may 
be transferred from health care worlrer:s to patients; from 
patient to patient; from contaminated mechanical devices, 
instruments, and syringes to patients; from contaminated 
bedding, clothes, dishes, and food to patients; and from 
patients to health care workers, hospital visitors, and other 
susceptible persons. To limit the spread of pathogens, 
sterile, aseptic, and antiseptic rechniques (discussed in 

Infectious 
Disease 

- ~ I A pathogen colonizes 
a person's body. 

t 
The pathogen causes 

a disease. 

t 
This type of disease 

is known as an 
lnfecdous disease. 

t 

r ... _ 

Examples: J • MRSA infection 
• Gas gangrene 

~ 

r 
Microbial 

--.!_ntoxication 

A pathogen produces 
a 10xin in vitro. 

A person ingests the 
taxin. The taxin J 

causes a disease. 

r 
This type of disease 

is known as a 
microbial Intoxication. 

l ~~-= 1 
• Staphylococcal food 

poisoning 
• Foodborne bolul~ 

Figure 1· 7. The two categorlea of dlaeaaes C*l8eCI by patho· 
gene. lnfecttous diseases result when a pathogen colonizes 
~nhablls) the body and subsequently causes disease. Microbial 
Intoxications result when a pert10n Ingests a toxin (poisonous sub
stance) that has been produced by a pathogen In vitro (outside 
the body). MRSA, methicillin-resistant Staphylococcus aureus. 

Chapter 12) are used everywhere in hospitals, nursing 
homes, operating rooms, and laboratories. In addition, the 
bioterrorist activities of recent years serve to remind us 
that everyone should have an understanding of the agents 
(pathogens) that are involved and how to protect ourselves 
from becoming infected. Bioterrorist and biologic warfare 
agents are discussed in Chapter 1l.Additional information 
about microbial intm:ications can be found in Appendix 1 
on t hrP{Iint: "Microbial Intoxications." 

FIRST MICROORGANISMS ON EARTH 

Perhaps you have wondered how long microbes have 
existed on Earth. Scientists tell us that Earth was formed 
about 4.5 billion years ago and, for the first 800 million 
to 1 billion years of Earth's existence, there was no life on 
this planet Fossils of primitive microbes (as many as 11 
different types) found in ancient sandstone formations in 
northwestern Australia date back about 3.5 billion years 
ago. By comparison, animals and humans are relative new
comers. Animals made their appearance on Earth between 
900 and 650 million years ago (there is some disagreement 
in the scientific community about the exact date), and, in 
their present form, humans (HfTm() Sllpims) have existed for 
only the past 100,000 years or so. Candidates for the first 
microbes on Earth are archaea and cyanobacteria; these 
types of microbes are discussed in Chapter 4. 



EARLIEST KNOWN INFECTIOUS DISEASES 

In all likelihood, infectious diseases of humans and animals 
have existed for as long as humans and animals have inhabited 
the planet. We know that human pathogens have existed 
for thousands of years because damage caused by them has 
been observed in the bones and internal organs of mummies 
and early human fossils. By studying mummies, scientists 
have learned that bacterial diseases, such as tuberculosis, 
leprosy, and syphilis; malaria; hepatitis; and parasitic worm 
.infections, such as schistosomiasis, dracunculiasis (guinea 
worm infection), hookworm, and fluke and tapewonn 
.infections, have been around for thousands of years. 

The earliest known account of a "pestilence" occurred in 
Egypt about 3180 BCE. This may represent the first recorded 
epidemic, although words such as pestikn« and plague were 
used without definition in early writings. Around 1900 
BCB, near the end of the Trojan War, the Greek army was 
decimated by an epidemic of what is thought to have been 
bubonic plague. The Ebers papyrus, describing epidemic 
fevers, was discovered in a tomb in Thebes, Egypt; it was 
written around 1500 sa:. A disease thought to be smallpox 
oCCUlTed in China around 1122 BCE. Epidemics of plague 
oCCUlTed in Rome in 790, 710, and 640 BCB, and in Greece 
around 430 sex. 

In addition to the diseases already mentioned, there 
are early accounts of rabies, anthrax, dysentery, smallpox, 
ergotism, botulism, measles, typhoid fever, typhus fever, 
diphtheria, and syphilis. The syphilis story is quite in
teresting. It made its first appearance in Europe in 1493. 
Many people believe that syphilis was carried to Europe 
by Native Americans who were brought to Portugal by 
Christopher Columbus. The French called syphilis the 
Neapolitan disease• the Italians called it the Frenth or Span
ish disease• and the English called it the French pox. Other 
names for syphilis were Spanish, German, Polish, and 
Turkish pocks. The name "syphilis" was not given to the 
disease until1530. 

PIONEERS IN THE SCIENCE OF 
MICROBIOLOGY 

Bacteria and protozoa were the first microbes to be observed 
by humans. It then took about 200 years before a connection 
was established between microbes and infectious diseases. 
Among the most significant events in the early history 
of microbiology were the development of microscopes, 
bacterial staining procedures, techniques that enabled 
microorganisms to be cultured (grown) in the laboratory, 
and steps that could be taken to prove that specific microbes 
were responsible for causing specific infectious diseases. 
During the past 400 years, many individuals contributed 
to our present understanding of microbes. Three early 
microbiologists are discussed in this chapter; others are 
discussed at appropriate points throughout the book. 
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Anton van Leeuwenhoek (1632-1723) 
Because Anton van Leeuwenhoek was the first person to 
see live bacteria and protozoa, he is sometimes referred 
to as the "Father of Microbiology," the "Father of Bacte
riology," and the "Father ofProtozoology."b Interestingly, 
Leeuwenhoek was not a trained scientist. At various times in 
his life, he was a fabric merchant, a surveyor, a wine as sayer, 
and a minor city official in Delft, Holland. As a hobby, he 
ground tiny glass lenses, which he mounted in small metal 
frames, thus creating what today are known as single-lens 
microscopes or simple microscopes. During his lifetime, he 
made more than 500 of these microscopes. Leeuwenhoek~ 
fine art of grinding lenses that would magnify an object 
to 200 to 300 times its size was lost at his death because 
he had not taught this skill to anyone during his lifetime. 
In one of the hundreds of letters that he sent to the Roy.al 
Society of London, he wrote: 

My method for seeing the very smallest animalcules 
I do not impart to others• nor how to see very many 
animalcules at one time. This I keep for myself alone. 

Apparendy, Leeuwenhoek had an unquenchable curiosity, 
as he used his microscopes to examine almost anything he 
could get his hands on (Fig. 1-8). He ewnin.ed scrapings 
from his teeth, water from ditches and ponds, water in which 
he had soaked peppercorns, blood, sperm, and even his own 
diarrheal stools. In many of these specimens, he observed 
wrious tiny living creatures, which he called "anim.alcules." 
He recorded his observations in the form ofletters, which 
he sent to the Royal Society of London. The following 
passage is an excerpt from one of those letters (M~ 
in Mkrobiology, edited by Thomas Brock. American Society 
for Microbiology; Washington, DC, 1961): 

Tho my teeth are kept usually very clean, never
theless when I view them in a Magnifying Glass, 
I find growing between them a little white matter 
as thick as wetted flower .... I therefore took some 
of this flower and mi:x:t it. .. with pure rain water 
wherein were no Animals. and then to my great 
surprize perceived that the aforesaid matter con
tained very many small living Animals, which moved 
themselves very extravagantly .... The number of 
these Animals in the scurf of a mans Teeth, are so 
many that I believe they exceed the number of Men 
in a kingdom. For upon the examination of a small 
parcel of it, no thicker than a Horse-hair, I found 
too many living Animals therein, that I guess there 
might have been 1,000 in a quantity of matter no 
bigger than the 11100 part of a sand. 

bAJthough Leeuwenhoek was probably the first person to see 
live protozoa, he may not have been the first person to observe 
protozoa. Many scholars believe that Robert Hooke (163 S-1703), 
an English physician, was the first person to observe and describe 
microbes, including a fossilized protozoan and two species of 
live microfungi. 
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Figure 1-8. PortraH of Anton van Leeuwenhoek by Jan 
Verkolje. (Provided by Wikipedia.) 

Leeuwenhoek1letters finally convinced scientists of the 
late 17th century of the existence of microbes. Leeuwen
hoek never speculated on their origin, nor did he associate 
them with the cause of disease. Such relationships were not 
established until the work of Louis Pasteur and Robert 
Koch in the late 19th century. 

The following quote is from Paul de Kruif's book, 
Microbe Huntm, Harcourt Brace, 1926: 

[Leeuwenhoek] had stolen and peeped into a fantastic 
sub-visible world of little things, creatures that had 
lived, had bred, had battled, had died, completely 
hidden from and unknown to all men from the 
beginning of time. Beasts these were of a kind that 
ravaged and annihilated whole races of men ten mil
lion times larger than theywere themselves. Be.ings 
these were, more terrible than fire-spitting dragons 
or hydra-headed monsters. They were silent assassins 
that murdered babes in warm cradles and kings in 
sheltered places. It was this invisible, insignificant, 
but implacable-and sometimes friendly-world 
that Leeuwenhoek had looked into for the first time 
of all men of all countries. 

Once scientists became convinced of the existence of 
tiny creatures that could not be observed with the naked 
eye, they began to speculate on their origin. On the basis 
of observation, many of the scientists of that time believed 
that life could develop spontaneously from inanimate sub
stances, such as decaying corpses, soil, and swamp gases. 

The idea that life can arise spontaneously from nonliving 
material is called the theory of spontaneous generation 
or abiogenesis. For more than two centuries, from 1650 
to 1850, this theory was debated and tested. Following 
the work of others, Louis Pasteur (discussed later) and 
John Tyndall (discussed in Chapter 3) finally disproved 
the theory of spontaneous generation and proved that 
life can only arise from preexisting life. This is called 
the theory of biogenesis, first proposed by a German 
scientist named RudolfVrrchow in 1858. Note that the 
theory of biogenesis does not speculate on the origin of 
life, a subject that has been discussed and debated for 
hundreds of years. 

Louis Pasteur (1822-1895) 

Louis Pasteur (Fig. 1-9}, a French chemist. made numerous 
contributions to the newly emerging field of microbiology, 
and, in fact, his contributions are considered by many people 
to be the foundation of the science of microbiology and a 
cornerstone of modem medicine. Listed in the following 
are some of his most significant contributions: 

• 'While attempting to discover why wine h«omes contam
inated with undesirable substances, Pasteur discovered 
what occurs during alcoholic fermentation (discussed in 
Chapter 7). He also demonstrated that different types of 

Figure 1-e. Paete~Jr In his laboratory. A 1925 wood engrav
Ing by llmothy Cole. (From Zlgi'088er C. Medicine and tfle Art
ist [Ars Medica]. New York: Dover Publications, Inc.; 1970. With 
permission from the Philadelphia Museum of Art.) 



microbes produce different fermentation products. For 
example, yeasts convert the glucose in grapes to ethyl 
alcohol (ethanol) by fermentation, but certain contam
inating bacteria, such as Aeetobaaer, convert glucose to 
acetic acid (vinegar) by fermentation, thus ruining the 
taste of the wine. 

• Through his experiments, Pasteur dealt the fatal blow 
to the theory of spontaneous generation. 

• Pasteur discovered forms of life that could exist in the 
absence of oxygen. He introduced the terms "aerobes" 
(organisms that require oxygen) and "anaerobes" (or
ganisms that do not require oxygen). 

• Pasteur developed a process (today known as pasteur
ization) to kill microbes that were causing wine to 
spoil-an economic concern to France~ wine industry. 
Pasteurization can be used to kill pathogens in many 
types of liquids. Pasteur~ process involved heating 
wine to ssocc and holding it at that temperature for 
several minutes. Today, pasteurization is accomplished 
by heating liquids to 63°C to 65°C for 30 minutes or 
to 73°C to 75°C for 15 seconds. It should be noted 
that pasteurization does not killllll of the microbes in 
liquids-just the pathogens. 

• Pasteur discovered the infectious agents that caused 
the silkworm diseases that were crippling the silk in
dustry in France. He also discovered how to prevent 
such diseases. 

• Pasteur made significant contributions to the germ 
theory of disease-the theory that specific microbes 
cause specific infectious diseases. For example, anthrax 
is caused by a specific bacterium. (BIII:i/Jus anthrm:is), 
whereas tuberculosis is caused by a different bacterium 
(Mycobaaerium t:llhen:ukJsis). 

• Pasteur championed changes in hospital practices to 
minimize the spread of disease by pathogens. 

• Pasteur developed vaccines to prevent chicken cholera, 
anthrax, and swine erysipelas (a skin disease). It was the 
development of these vaccines that made him famous in 
France. Before the vaccines, these diseases were decimat
ing chickens, sheep, cattle, and pigs in that country-a 
serious economic problem. 

• Pasteur developed a vaccine to prevent rabies in dogs 
and successfully used the vaccine to treat human rabies. 
(See the following Historical Note.) 

To honor Pasteur and continue his work, especially in 
the development of a rabies vaccine, the Pasteur Institute 
was created in Paris in 1888. It became a clinic for rabies 
treatment, a research center for infectious diseases, and a 
teaching center. Many scientists who studied under Pasteur 
went on to make important discoveries of their own and 
create a vast international network of Pasteur Institutes. 
The first of the foreign institutes was founded in Saigon, 

euc" is an abbreviation for Celsius. Although Celsius is also refem:d 
to as centigrade, Celsi115 is preferred. Formulas fur oonverting 
Celsius to Fahrenheit and vice versa can be found in Appendix 
C ("Useful Conversions"). 
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HISTORICAL 
NO ~:::; 

An Ethical Dilemma for 
Louis Pasteur 

In July 1885, while he was 
developing a vaccine that would 

prevent rabies in dogs, Louis 
Pasteur faced an ethical 
decision. A 9-year-old boy, 
named Joseph Meister, had 

been bitten 14 times on the 
legs and hands by a rabid dog. At the time, it was 
assumed that virtually anyone who was bitten by a 
rabid animal would die. Meister's mother begged 
Pasteur to use his vaccine to save her son. Pasteur 
was a chemist, not a physician, and thus was not 
authorized to 1reat humans. Also, his experimental 
vaccine had never been administered to a human 
being. Nonetheless, 2 days after the boy had been 
bitten, Pasteur injected Meister with the vaccine in an 
attempt to save the boy's life. The boy survived, and 
Pasteur realized that he had developed a rabies vac
cine that could be administered to a person after he 
or she had been Infected with rabies virus. 

Viettlam which is today known as Ho Chi Minh City. 
One of the directors of that institute was Alexandre Emile 
Jean Yersin-a former student of Robert Koch and Louis 
Pasteur-who, in 1894, discovered the bacterium that 
causes plague. 

Robart Koc:h (1843-1910) 

Robert Koch (Fig. 1-10), a German physician, made nu
merous contributions to the science of microbiology. Some 
of them are listed here: 

• Koch made many significant contributions to the germ 
theory of disease. For example, he proved that the an
thrax bacillus (B. anthmt:is), which had been discovered 
earlier by other scientists, was truly the causative agent of 
anthrax. He accomplished this using a series of scientific 
steps that he and his colleagues had developed; these 
steps later became known as Koch's Postulates (described 
later in this chapter). 

• Koch discovered that B.tmtlmlds produces spores, capable 
of resisting adverse conditions. 

• Koch developed methods of fixing, staining, and pho
tographing bacteria. 

• Koch developed methods of cultivating bacteria on solid 
media. One of Koch's colleagues, RJ. Petri, invented a 
flat glass dish (now known as a Petri dish) in which to 
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Flgure1·10. Robert Koch. (Provided by www.wpc::lipart 
.com.) 

culture bacteria on solid media. It was Frau Hesse-the 
wife of another of Koch~ colleagues-who suggested 
the use of agar (a polysaccharide obtained from seaweed) 
as a solidifying agent. These methods enabled Koch to 
obtain pure cultures of bacteria. The term pure culture 
refers to a condition in which only one type of org:anism 
is growing on a solid culture medium or in a liquid culture 
medium in the laboratory; no other types of organisms 
are present. Petri dishes containing agar are sti.ll used to 
culture bacteria and fungi in laboratories. 

• Koch discovered the bacterium (M. tuben:ulosis) that 
causes tuberculosis and the bacterium (Vtbrio chokme) 
that causes cholera. 

• Koch's work on tuberculin (a protein derived from 
M. tuberculosis) ultimately led to the development of a 
skin test valuable in diagnosing tuberculosis. 

Koch'S Postulalas 
During the mid- to late-1800s, Koch and his colleagues 
established an experimental procedure to prove that a specific 
microbe is the cause of a specific infectious disease. This 
scientific procedure, published in 1884, became known as 
Koch's Postulates (Fig. 1-11). 

@ Ttle mlcroorganlam muat 
alwlly'a be found In almllarty 
dllleuecl anlmala but not In 
healthy one~~. 

® Ttle mlcroorganlam muat 
be laola:ted from a 
dlaeaaed animal and 
grown In pure culture. 

(~ Ttle mlcroorganlam can be 
releolatad from 1he 
experimentally lnf8cted 
animal. 

Figure 1-t t. Koch's Postulates: proof of the germ theory 
of disease. 

Koch's Postulates (paraphrased): 

1. A particular microbe must be found in all cases of the 
disease and must not be present in healthy animals or 
humans. 

2. The microbe must be isolated from the diseased animal 
or human and grown in pure culture in the laboratory. 

3. The same disease must be produced when microbes from 
the pure culture are inoculated into healthy susceptible 
laboratory animals. 

4. The same microbe must be recovered from the experi
mentally infected animals and grown again in pure culture. 

After completing these steps, the microbe is said to 
have fulfilled Koch~ Postulates and has been proven to 
be the cause of that particular infectious disease. Koch's 
Postulates not only helped to prove the germ theory of 
disease but also gave a tremendous boost to the develop
ment of microbiology by stressing laboratory culture and 
identification of microbes. 



Excepllans ta Koch's Postulates 
Circumstances do exist in which Koch's Postulates cannot 
be fulfilled. Examples of such circumstances are as follows: 

• To fulfill Koch's Postulates, it is necessary to~ (cul
ture) the pathogen in the laboratory (in vitro ) in or on 
artiJicial culture media. However, certain pathogens will 
not grow on artificial media. Such pathogens include 
viruses, rickettsias (a category of bacteria), chlamydias 
(another category of bacteria), and the bacteria that cause 
leprosy and syphilis. Viruses, rickettsias, and chlamydias 
are called obligate in't'rtKellultlr pathogens (or obliggte intm
celluJar pamsites) because they can survive and multiply 
only within living host cells. Such organisms can be grown 
in cell cultures (cultures of living human or animal cells 
of various types), embryonated chicken eggs, or certain 
animals (referred to as laboratory animals). In the lab
oratory, the leprosy bacterium (Mycobacterium leprae) is 
propagated in armadillos, and the spirochetes of syphilis 
(Treponem~~ palliJum) grow well in the testes of rabbits and 
chimpanzees. Microbes having complex and demanding 
nutritional requirements are said to be fastidious (mean
ing fussy). Although certain fastidious organisms can be 
grown in the laboratory by adding special mixtures of 
vitamins, amino acids, and other nutrients to the culture 
media, others cannot be grown in the laboratory because 
no one has discovered what ingredient(s) to add to the 
medium to enable them to grow. 

• To fulfill Koch's Postulates, it is necessary to infect 
laboratory animals with the pathogen being studied. 
However, many pathogens are species-specific, meaning 
that they infect only one species of animal. For example, 
some pathogens that infect humans will infect only hu
mans. Thus, it is not always possible to find a laboratory 
animal that can be infected with a pathogen that causes 
human disease. Because human volunteers are difficult 
to obtain and ethical considerations limit their use, the 
researcher may only be able to observe the changes caused 
by the pathogen in human cells that can be grown in the 
laboratory (called cell cultures). 

• Some diseases, called synergistic infections or polymicro
bial infections, are caused not by one particular microbe, 
but by the combined effects of two or more different 
microbes. Examples of such infections include acute 
necrotizing ulcerative gingivitis (also known as "trench 
mouth") and bacterial vaginosis. It is very difficult to 
reproduce such synergistic infections in the laboratory. 

• Another difficulty that is sometimes encountered while 
attempting to fulfill Koch's Postulates is that certain 
pathogens become altered when grown in vitro. Some 
become less pathogenic, whereas others become non
pathogenic. Thus, they will no longer infect animals 
after being cultured on artificial media. 

dAs used in this book, the term in vitro refers to something that 
occurs orasiJe the living body, whereas the term in vivo refers to 

something that occurs 71J;thin the living body. In vitro often refers 
to something tbat occurs in the laboratory. 
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It is also important to keep in mind that not all diseases 
are caused by microbes. Many diseases, such as rickets and 
scurvy, result from dietary deficiencies. Some diseases are 
inherited because of an abnormality in the chromosomes, as 
in siclde cell anemia. Others, such , 
as diabetes, result from malfunc- All Infectious dis- ' 
tion of a body organ or system. 
Still others, such as cancer of the 
lungs and skin, are influenced by 
environmental factors. However, 
all infectious diseases are caused 

eases and micro
bial intoxications 
are caused by 
microbes. 

"-

by microbes, as are all microbial intoxications. 

CAREERS IN MICROBIOLOGY 

.. ) 

A microbiologist is a scientist who studies microbes. He or 
she might have a bachelor's, master's, or doctoral degree 
in microbiology. 

There are many career fields within the science of micro
biology. For example, a person may specialize in the study 
of just one particular category of microbes. A bacteriologist 
is a scientist who specializes in bacteriology-the study of 
the structures, functions, and activities of bacteria. Scientists 
specializing in the field of phycology (or algology) study 
the various types of algae and are called phycologists (or 
algologists). Protozoologists explore the area of protozo
ology-the study of protozoa and their activities. Those 
who specialize in the study of fungi, or mycology, are called 
mycologists. Virology encompasses the study of viruses 
and their effects on living cells of all types. Vtrologists and 
cell biologists may become genetic engineers who transfer 
genetic material (deoxyribonucleic acid or DNA) from one 
cell type to another. Vtrologists may also study prions and 
viroids, acellular infectious agents that are even smaller 
than viruses (discussed in Chapter 4). 

Other career fields in microbiology pertain more to ap
plied microbiology, that is, how a knowledge of microbiology 
can be applied to different aspects of society, medicine, and 
industry. The scope of microbiology has broad, far-reaching 
effects on humans and their environment. 

Medical and Clinical Microbiology 
Medical microbiology is an excellent career field for in
dividuals having interests in medicine and microbiology. 
The field of medical microbiology involves the study of 
pathogens, the diseases they cause, and the body's defenses 
against disease. This field is concerned with epidemiology, 
transmission of pathogens, disease-prevention measures, 
aseptic techniques, treatment of infectious diseases, immu
nology, and the production of vaccines to protect people and 
animals against infectious diseases. The complete or almost 
complete eradication of diseases such as smallpox and polio, 
the safety of modem surgery, and the successful treatment 
of victims of infectious diseases are attributable to many 
technological advances in this field. A branch of medical 
microbiology, called clinical microbiology or diagnostic 
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microbiology, is concerned with the laboratory diagnosis 
of infectious diseases of humans. This is an excellent career 
field for individuals with interests in laboratory sciences 
and microbiology. Diagnostic microbiology and the clinical 
microbiology laboratory are discussed in Chapter 13. 

oN the Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• Spotlighting Additional Careers in Microbiology 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following individuals is considered to 
be the "Father of Microbiology?" 
a. Anton van Leeuwenhoek 
b. Louis Pasteur 
c. Robert Koch 
d. Rudolf Virchow 

2. The microbes that usually live on or in a person are 
collectively referred to as: 
a. germs 
b. indigenous microbiota 
c. nonpathogens 
d. opportunistic pathogens 

3. Microbes that live on dead and decaying organic 
material are known as: 
a. Indigenous mlcroblota 
b. parasites 
c. pathogens 
d. saprophytes 

4. The study of fungi Is called: 
a. algaeology 
b. botany 
c. mycology 
d. phycology 

S. The field of parasitology (see Po "t) involves the 
study of which of the following types of organisms? 
a. arthropods, bacteria, fungi, protozoa, and 

viruses 
b. arthropods, helminths, and certain protozoa 
c. bacteria, fungi, and protozoa 
d. bacteria, fungi, and viruses 

8. Rudolf Virchow is given credit for proposing which 
of the following theories? 
a. abiogenesis 
b. biogenesis 
c. germ theory of disease 
d. spontaneous generation 

7. Which of the following microbes are considered 
obligate intracellular pathogens? 
a. chlamydias, rickettsias, M.leprae, and 

T. pallidum 
b. M. leprae and T. pallidum 
c. M. tuberculosis and viruses 
d. rickettsias, chlamydias, and viruses 

8. Which of the following statements is true? 
a. Koch developed a rabies vaccine 
b. Microbes are ubiquitous 
c. Most microbes are harmful to humans 
d. Pasteur conducted experiments that proved the 

theory of abiogenesis 

9. Which of the following are even smaller than 
viruses? 
a. chlamydias 
b. prions and viroids 
c. rickettsias 
d. cyanobacteria 

10. Which of the following individuals introduced the 
terms "aerobes• and "anaerobes?" 
a. Anton van Leeuwenhoek 
b. Louis Pasteur 
c. Robert Koch 
d. Rudolf Virchow 



Viewing the 
Microbial World 

CHAPTER OUTLINE 

Introduction Microscopes 

Gram-positive (blua) and Gram·nagative 
{red) bacteria as tfley would appm 
wtten observed using a compound light 
mlcroseope. 

Electron Microscopes 

Using 1he Matrlc Syst.am to 
Express 1he Sizes Df Mlcrabas 

Simple Microscopes 
Compound Microscopes 

.After studying this chapter, you should be able to: 

• Explain the interrelationships among the following 
metric system units of length: centimeters, millimeters, 
micrometers, and nanometers 

• State the metric units used to express the sizes of 
bacteria, protozoa, and viruses 

INTRODUCTION 

Microbes are very tiny. But how tiny are they? In most 
cases, some type of microscope is required to see them; 
thus, microbes are said to be microscopic. Various types of 
microscopes are discussed in this chapter. The metric sys
tem will be discussed first, however, because metric system 
units of length are used to express the sizes of microbes 
and the resolving power of optical instruments. 

• Compare and contrast the various types of 
microscopes, to include simple microscopes, 
compound light microscopes, and electron 
microscopes. 

USING THE METRIC SYSTEM TO EXPRESS 
THE SIZES OF MICROBES 

In rnicrobiologys metric units (primarily micrometers and 
nanometers) are used to express the sizes of miaobes. The 
basic unit oflength in the metric system, the meters is equiv
alent to approximately 39.4 in and is, therefores about 3.4 
in longer than a yard. A meter may be divided into 10 (101) 

equally spaced units called decimeters; or 100 (1Q2) equally 

13 
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/ 1 malar 

.. ¥n 
~ 

Contains: Centimeters Mllllmatars Mlcromaters Nanomelllrs 

1 mR!r 100 1,000 1,000,000 1,000,000,000 

1 centimeter 1 10 10,000 10,000,000 

1 millimelllr I 1 1,000 1,000,000 

1 mlcrornetllr I h •' 1 1,000 

1 nanomelar f II 7 
1 

r- "'1 
1 10 -1 x1D1 

100 -1 X toll 

~· 
1.000 -1 X 1<fl 

Iii 11.000.000 -1 l<1o' 
1 ,OOO,DIID,DOO _, l<1o' 

Figure 1-1. Representations of metric units of measure 
and numbers. 

spaced units called centimeters; or 1,000 (1 03) equally spaced 
units called millimeters; or 1 million (1 Q6) equally spaced units 
called micrometers; or 1 billion (10~ equally spaced units 
called nanometers. Interrelationships among these units are 
shown in Figure 2-1. Formulas that can be used to convert 
inches into centimeters, millimeters, etc. can be found in 
Appendix C ("Useful Conversionsj at the back of the book. 

It should be noted that the 
' The sizes of bacteria old terms mimm (I.L)• and mil-

are expressed in mi- limimm (ID.J.I.) have been replaced 
crometers, whereas by the terms mia'l111Jeter (Jun) and 
the sizes of viruses 'Ninometer (nm), respectively. An 
are expressed in angmvm (A) is 0.1 run. Using this 
nanometers. scale, human red blood cells are 

about 7 IJlD in diameter. 
The sizes of bacteria and protozoa are usually expressed 

in terms of micrometers. For ewnple, a typical spherical 
bacterium (coccus; pl., cocci) is approximately 1 ~in diam
eter. About seven cocci could fit side by side across a human 
red blood cell. If the head of a pin was 1 mm (1,000 IJ.ID) in 
diameter, then 1,000 cocci could be placed side by side on 
the pinhead. A typical rod-shaped bacterium (bacillus; pl., 
bacilli) is about 1 J.ll1l wide X 3 IJlD long, although some 
bacilli are shorter, and some form very long filaments. The 
sizes of viruses are expressed in terms of nanometers. Most 
of the viruses that cause human disease range in size from 
about 10 to 300 nm, although some (e.g., Ebola virus, a cause 
of hemorrhagic fever) can be as long as 1,000 nm (1 ~). 
Some very large protozoa reach a length of 2,000 fJID (2 mm). 

In the microbiology laboratoty, the sizes of cellular mi
crobes are measured using an ocular micrometer, a tiny ruler 

"The Greek letter l.l is pronounced "mew." Greek letters are 
frequently used in science, including the science of microbiology. 
To aid students who are W'lfilmiliar with the Greek alphabet, 
Appen.cfu: D contains the complete Greek alphabet. 

Staphylococcus 

1 Herpes VIrus 

Chlamydia 
Elementary Body 

1 nftuenza VIrus 

l.........J 

0.21Jm 

PoxVirus 

•• .. 
PolioVIrus 

Figura 2-2. The relative sizes of Staplrylacoccus and 
Chlamydia bacteria and several viruses. Poliovirus is one of 
the smallest viruses that infect humans. (Redrawn from Winn 
WC Jr, et al. KoflfHTian's Color Atlas and Textbook of Diagnostic 
Microbiology. 8th ad. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008.) 

within the eyepiece (ocular) of the compound light microscope 
(described later). Before it can be used to measure objects, 
however, the ocular micrometer must first be calibratEd, using 
a measuring device called a stage micrometer. Calibration 
must be perfonned for each of the objective lenses to determine 
the distance between the marks on (- -.., 
the ocular micrometer. The ocular An ocular 
micrometer can then be used to micrometer is used 

to measure the di
measure lengths and widths of mensions of objects 
microbes and other objects on the being viewed with 
specimen slide. The sizes of some a compound light J 
microbes are shown in FlgUl'e 2-2 microscope. 
and Table2-1. '-·-------

MICROSCOPES 

The human eye, a telescope, a pair ofbinoculars, a magnifying 
glass, and a microscope can all be thought of as various types 
of optical instruments. A microscope is an optical instrument 
that is used to observe tiny objects, often objects that cannot 
be seen at all with the unaided human eye (the "naked eye'?. 
Each optical .instrument has a limit as to what can be seen 
using that instrument. 1bis limit is referred tn as the resolving 
power or resolution of the instrument. Resolving power 
is discussed in more deta.illarer in this chapter. Table 2-2 
contains the resolving powers for various optical instruments. 

Simple Microscopes 

A simple microscope is defined as a microscope contain
ing only one magnifying lens. Actually, a magnifying glass 
could be considered a simple microscope. Images seen 
when using a magnifying glass usually appear about 3 to 
20 times larger than the object's actual size. During the 
late 1600s, Anton van Leeuwenhoek, who was discussed 
in Chapter 1, used simple microscopes to observe many 
tiny objects, including bacteria and protozoa (Fig. 2-3). 



Microbe or Microbial Structure 

VIruses (most) 
Bacteria 

Cocci (spherical bacteria) 
Bacilli (rod-shaped bacteria) 

Fungi 
Yeasts 
Septate hyphae (hyphae containing cross-walls) 
Aseptate hyphae (hyphae without cross-walls) 

Pond water protozoa 
Chlamydomonas 
Euglena 
Vorticeffa 
Paramecium 
VolvoxA 

"These or;anlsms are visible wtth •he unaided human f1'/e. 

Because of his unique ability to grind glass lenses, scien
tists believe that Leeuwenho~s simple microscopes had 
a maximum magnifying power of about X 300 (300 times). 

HISTORICAL 
NOTE 
Early Compound Microscopes 

Hans Jansen, an optician in 
Middleburg, Holland, is often given 
credit for developing the first 

compound microscope, sometime 
between 1590 and 1595. 
Although his son, Zacharias, 
was only a young boy at the 

time, Zacharias apparently later 
took over production of the Jansen microscopes. 
The Jansen microscopes contained two lenses 
and achieved magnifications of only X3 to X9. 
Compound microscopes having a three-lens system 
were later used by Marcello Malpighi in Italy and 
Robert Hooke in England, both of whom published 
papers between 1660 and 1665 describing their 
microscopic findings. In his 1665 book entitled 
Microgrsphia, Hooke described a fossilized shell 
of a foraminiferan-a type of protozoan-and two 
species of microscopic fungi. Some scientists 
consider these to be the first written descriptions 
of microorganisms and feel that Hooke (rather than 
Leeuwenhoek) should be given credit for discover
ing microbes. Some early compound microscopes 
are shown in Figure 2-4. 
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Dimeneion(e) 

Diameter 

Diameter 

Width X length 
Filaments (width) 

Diameter 
Width 
Width 

Loogth 
Loogth 
Loogth 
Loogth 
Diameter 

Compound Microscopes 

Approximate Size flun) 

0.01-o.3 

Average= 1 
Average = 1 X 3 

1 

3-5 
2-15 

1()-30 

5-12 
35-55 

50-145 
18()-300 
350-500 

A compound microscope is a microscope that contains 
more than one magnifying lens. Although the first person 
to construct and use a compound microscope is not known 
with certainty. Hans Jansen and his son Zacharias are often 
given credit for being the first r 
(see the following "Historical A simple micro-
Note"). Compound light micro- scope contains only 
scopes usually magm·fy obJ. ects one magnifying lens, 

whereas a com
about 1,000 times. Photographs pound microscope 
taken through the lens system of contains more than 
compound microscopes are called one magnifying lens. , 
photomicrographs. .._ J 

Because visible light (from a built-in light bulb) is used 
as the source of illumination. the compound microscope 
is also refurred to as a compound light microscope. It is 
the wavelength of visible light ( ... 0.45 JUD.) that limits the 
size of objects that can be seen using the compound light 
microscope. When using the compound light microscope, 
objects cannot be seen if they ... 

1 
are smaller than half of the Total magnification of 
wavelength of visible light (i.e.. the compound light 
smaller than about0.225 JUn). microscope is calcu-
A compound light microscope Ia ted by multiplying the 

magnifying power of 
is shown in Figure 2-5, and the ocular lens by the 
the functions of its various magnifying power of the I 
components are described objective being used. 
on l( Poi"lt. .J 

The compound light microscopes used in today's lab
oratories contain two magnifying lens systems. 'Within the 
eyepiece or ocular is a lens called the ocular lens; it usually 
has a magnifying power of XlO. The second magnifying 
lens system is in the objective, which is positioned imme
diately above the object to be viewed. The four objectives 
used in most laboratory compound light microscopes are 
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Reeolving Power Useful Magnification Characterietics 

Brtghttleld 0.2000 f.llTI X1,000 Used to observe morphology of microorganisms such as 
bacteria, protozoa, fungi, and algae In IMng (unstained) 
and nonliving (stained) state 

Objects are observed against a bright background 
Cannot observe microbes <0.2 p.m in diameter or thickness, 

such as spirochetes and viruses 
Darkfield 0.2000 f.llTI X1,000 Unstained organisms are observed against a dark 

background 
Useful for examining thin spirochetes 
Slightly more difficult to operate than brightfield 

Phase-contrast 0.2000 p.m 
Auorescence 0.2000 p.m 

X1,000 

X1,000 

Can be used to observe unstained living microorganisms 
Fluorescent dye attached to organism 

SEM 0.0200 mm (20 nm) x10,000 

TEM 0.0002 mm (0.2 nm) x200,000 

Primarily an lmmunodlagnostlc technique 
QmmunoftuoresC91'1ce) 

Used to detect microbes In cells, tissues, and clinical 
specimens 

Specimen is viewed on a screen 
Gives the illusion of depth (three dimensions) 
Useful for examining surfaoe features of cells and 

microorganisms 
Specimen is nonliving 
Resolution is less than that of lEM 
Specimen is viewed on a screen 
Excellent resolution 
Allows examination of cellular and viral ultrastructure 
Specimen is nonliving 
Reveals internal features of thin specimens 

SEM, scanning elec1ron microscope; TEM, transmission elec1ron microscope. 

( 
-· ·····D 

-··· -·-.. .... ~~ 
/tJ =B~ .... ~:; 

Figure 24. Leeuwenhoek's microscopes. A. leeuwenhoek's microscopes were very simple devices. Each had 
a tiny glass lens, mounted in a brass plate. The specimen was placed on the sharp point of a brass pin. and two 
screws were used to adjust the position of the specimen. The endre Instrument was about 3 to 4 In long. It was held 
very close to the eye. B. Although his microscopes had a magnifying capability of only around X200 to X300, he 
was able to create remarkable drawings of different types of bacteria that he observed. ({A] Provided by Blamed Ed, 
Round Rock, TX.) ([B] From Volk WA, et al. Essentials of Medical Microbiology. 5th ed. Philadelphia, PA: lippincott
Raven; 1996.} 
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Figure 2·4. A simple Leeuwenhoek mlcroecope (center), aurrounded by examples of 
early compound light mlcroacopea. 

X4, X10, X40,and X100objectives.AsshowninTable2-3, 
total magnification is calculated by multiplying the magni
fying power of the ocular (X 10) by the magnifying power 
of the objective that you are using. 

The X 4 objective is rarely used in microbiology 
laboratories. Usually, specimens are first observed using 
the X 10 objective. This objective is useful for observing 
the presence of mammalian cells such as epithelial cells 
and white blood cells, but not useful for examining 

bacteria. Once the specimen is in focus, a high-power or 
"high-dry" objective may then be swung into position. 
This lens can be used to study fungi, algae, protozoa, 
and other large microorganisms. However, the oil-im
mersion objective (total magnification = X 1 ,000) must 
be used to study bacteria, because they are so tiny. To 
use the oil-immersion objective, a drop of immersion 
oil must first be placed between the specimen and the 
objective; the immersion oil reduces the scattering of 
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Figure 2-5. A modem compound light mlc~scope. 

light and ensures that the light will enter the oil-immer
sion lens. The oil-immersion objective cannot be used 
without immersion oil. Oil is not required when using 
the other objectives. 

For optimal observation of the specimen, the light must 
be properly adjusted and focused. The condenser, located 
beneath the stage, focuses light onto the specimen, adjusts 
the amount of light, and shapes the cone of light entering 
the objective. Generally, the higher the magnification, the 
more light that is needed. 

As magnification is increased, the amount of light 
striking the object being examined must also be increased. 
There are three correct ways to accomplish this: (a) by 
opening the iris diaphragm in the condenser, (b) by opening 
the field diaphragm, and (c) by increasing the intensity of 
light being emitted from the microscope's light bulb by 
turning the rheostat knob clockwise. Turning the knob 
that raises and lowers the condenser is an inctlrna way 
to adjust lighting. 

Magnification alone is of little value unless the en
larged image possesses increased detail and clarity. Image 
clarity depends on the microscope1 resolving power (or 
resolution), which is the ability of the lens system to 

distinguish between two adjacent objects. H two objects 
are moved closer and closer together, there comes a 
point when the objects are so close together that the lens 

( ) 
The resolving power 
or resolution of an 
optical instrument is 
its ability to distin
guish between two 
adjacent objects. 
The resolving power 
of the unaided hu-

system can no longer resolve 
them as two separate objects (i.e., 
they are so close together that 
they appear to be one object). 
That distance between them, 
at which they cease to be seen 
as separate objects, is referred 
to as the resolving power of the 
optical instrument. Knowing the .._ man eye Is 0.2 mm. 1 

resolving power of an optical 
instrument also defines the smallest object that can be 
seen with that instrument. For example, the resolving 
power of the unaided human eye is appro:rimately 0.2 
mm. Thus, the unaided human eye is unable to see objects 
smaller than 0.2 mm in diameter. 

The resolving power of the compound light microscope 
is approximately 1,000 times better than the resolving power 
of the unaided human eye. In 
practical terms, this means that 
objects can be examined with the 
compound microscope that are :as 
much as 1,000 times smaller than 
the smallest objects that can be 
seen with the unaided human eye. 
Using a compound light micro
scope, we can see objects down to 
about 0.2 IJlil in diameter. 

..._ 

The resolving power 
of the compound 
light microscope 
Is approximately 
0.2 JU11, which is 
approximately one 
half the wavelength 
of visible light. I 

./ 

Additional magnifying lenses could be added to the 
compound light microscope, but this would not increase 
the resolving power. As stated earlier, as long as visible 
light is used as the source of illumination, objects smaller 
than half of the wavelength of visible light cannot be 
seen. Increasing magnification without increasing the 
resolving power is called empty magnification. It does 
no good to increase magnification without increasing 
resolving power. 

Because objects are observed against a bright back
ground (or "bright field") when using a compound light 
microscope, that microscope is sometimes referred to as 
a brightfield microscope. If the regularly used condenser 
is replaced with what is known as a darkfield condenser, 
illuminated objects are seen against a dark background (or 
"dark field"), and the microscope has been converted into 

Objective 
Total Magnification Achieved When the Objective Is 
Used In Conjunction with a x10 Ocular Lens 

x4 (scanning objective) 
x 10 Qow-power obJective) 
X40 (high-dry objective) 
x100 (oil-immersion objective) 

X40 
X100 
X400 

X1,000 



a darldield microscope. In the past, the clinical microbi
ology laboratory used darldield microscopy to diagnose 
primary syphilis (the initial stage of syphilis). The etiologic 
(causative) agent of syphilis-a spiral-shaped bacterium, 
named Treponema pllllidum-cmnot be seen with a bright
field microscope because it is thinner than 0.2 JllD and, 
therefore, is beneath the resolving power of the compound 
light microscope. T. pallidum can be seen using a darldield 
,.-------., microscope, however, much in 

When using a 
brlghtfleld micro-
scope, a person 
observes obJects 
against a bright 
background. When 
using a darkfiefd mi-

the same way that you can "see" 
dust particles in a beam of sun
light. Dust particles are actually 
beneath the resolving power of 
the unaided eye and, therefore, 
cannot really be seen. What you 
see in the beam is sunlight being croscope, a person 

observes illuminated reflected off the dust particles. 
objects against a With the darldield microscope, 
dark background. laboratory teclmologists do not 

.J really see the treponemes-they 
see the light being reflected off the bacteria, and that light 
is easily seen against the dark background (Fig. 2-6). 

Other types of compound microscopes include phase
contrast microscopes and fluorescence microscopes. 
Phase-contrast microscopes can be used to observe un
stained living microorganisms. Because the light refracted 
by living cells is different from the light refracted by the 
surrounding medium, contrast is increased, and the organ
isms are more easily seen. Fluorescence microscopes contain 
a built-in. ultraviolet (UV) light source. When UV light 

Figure 2·8. Splral·shaped 1l"eponenuJ p~~llldum bacterium 
as aeen by darldleld microscopy. T. psflidum is the causative 
agent of syphilis. (Provided by the Centers for Disease Control 
and Prevention [CDC].) 
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Flgu,. 2·7. Photomicrograph ofT. pallldum eplrochetes 
uelng lmmunofluoreecence. A fluorescent dye Is flrst at
tached to anti-T. psflidum antibodies. The antibodies are then 
attached to the surface of the bacteria. When examined under 
UV light, the fluorescent dye emits a greenish light. (Provided 
by Russell and the CDC.) 

strikes certain dyes and pigments, these substances emit 
a longer wavelength light, causing them to glow against 
a dark background (Fig. 2-7). Fluorescence microscopy is 
often used in immunology laboratories to demonstrate that 
antibodies stained with a fluorescent dye have combined 
with specllic antigens; this is a type of immunodiagnostic 
procedure. (Immunodiagnostic Procedures are described 
in Chapter 16.) 

Electron Microscopes 
Although extremely small infectious agents, such as rabies 
and smallpox viruses, were known to exist, they could not 
be seen until the electron microscope was developed. It 
should be noted that electron microscopes cannot be used 
to observe living organisms. Organisms are killed during 
the specimen-processing procedures. Even if they were 
nott they would be unable to survive in the vacuum created 
within the electron microscope. 

Electron microscopes use an electron beam as a source 
of illumination and magnets to focus the beam. Because 
the wavelength of electrons traveling in. a vacuum is much 
shorter than the wavelength of visible light-about 1 ootooo 
times shorter-electron microscopes have a much greater 
resolving power than compound light microscopes. There 
are two types of electron microscopes: transmission electron 
microscopes (!'EMs) and scanning electron microscopes 
(SE.Ms). 

A TEM (Fig. 2-8) has a tall column, at the top of which 
an electron gun fires a beam of electrons downward. When 
an extremely thin specimen (<1 JllD thick) is placed into 
the electron beamt some of the electrons are transmitted 
through the speciment and some are blocked. An image 
of the specimen is produced on a phosphor-coated screen 
at the bottom of the microscope's colwnn. The object can 
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Figure 2-8. A Centen for Disease Control and Prevention 
lntem using a transmission electron microscope. (Provided 
by Cynthia Goldsmith, James Gathany, and the CDC.) 

The resolving 
power of a TEM Is 
approximately 0.2 
nm, which is about 
1 million times 
better than the re
solving power of 
the unaided human 
eye and 1 ,000 times 
better than the re
solving power of 
the compound light 

..., be magnified up to approximately 
1 million times. Thus, using a 
TEM, a magnification is achieved 
that is about 1,000 times greater 
tlwt the maximum magnification 
achieved using a compound light 
microscope. TEM can be used to 
study bacterial structures and viruses 
(Fig. 2-9}, but is not used in the 
clinical microbiology laboratory. 
However, because thin sections of 
cells can be examined by TEM, 

microscope. 
___..) pathologists are able to use TEM 

to detect abnormalities in cells. 
ASEM (Fig. 2-10) has a shorter column, and instead 

of being placed into the electron beam, the specimen is 
placed at the bottom of the column after being coated 
with a conductive metal such as a gold-palladium alloy. 
Electrons that bounce off the surface of the specimen 
are captured by detectors, and an image of the specimen 
appears on a monitor. SEMs are used to observe the outer 

Figure 2-8. Tranamlaelon electron micrograph of Influenza 
vlrua A.. (From Wlnn WC Jr, et al. Konemsn 's Color Atfas and 
Textbook of Diagnostic Microbiology. 6th ad. Philadelphia, PA: 
Upplnoott Williams & Wilkins; 2006.) 

Figure 2·10. Scanning electran microscope. (Provided 
by Jim Yost and the National Renewable EnB~gy Institute.} 

surfaces of specimens (i.e., surface detail). Although the 
resolving power of SEMs (about 20 nm} is not quite as 
good as the resolving power ofTEMs (about 0.2 nm}, it 
is still possible to observe extremely tiny objects using 
an SEM. SEMs enable scien- (- '1 

SEMs have a resolv-tists to observe the interaction 
of microbes and human tissue 
(Fig. 2-11}, but lilc:e TEMs, 
they are not used in the clinical 
microbiology laboratory. 

ing power of about 20 
nm-about 100times 
lass than the resolv-
Ing power of TEMs. 

~--------------~ 

Figure 2·11. Scanning electron micrograph of a 
pathogenic yeast (Candida •lblcans) Invading Into tlesue. 
(Provided by Dr. Robert Fader.) 



FltUN 2·12. A grapellke cluster of blue-etaned 
$tapllylocot:cw aiii8W bacteria and red blood celll, • 
seen by light micn:Nicopy. (From Marler LM, et al. Direct Smear 
Atlas. Philadelphia, PA: Uppinc:ott Williams & Wilkins; 2001.) 

Figure 2·13. Transmission elecnn micrograph showing 
s. auteus cells In various stages of binary ftsslon. {From 
Volk WA, et al. &sentlafs of Medfcal Mlctoblology. 5th ed. Phil
adelphia, PA: Lippincott-Raven; 1998.) 
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Both types of electron microscopes have built-in 
camera systems. The photographs taken using TEM and 
SEM are called transmission electron micrographs and 
scanning electron micrographs, respecti~y. They are black 
and white images. H you ever see electron micrographs in 
color, they have been artificially colorized. Figures 2-12 to 
2-14 show the differences in 
magnification and detail be
tween photomicrographs and 
electron micrographs. Note 
that Figures 2-12 to 2-14 all 
depict Stapbyl«occt~S IIUmJS 

bacteria, but each of these 
photographs was made using 
a different type of microscope. 
Refer back to Table 2-2 for 
the characteristics of various 
types of microscopes. 

,. Photographs taken using 1 

compound light micro
scopes are called pho
tomicrographs. Those 
taken using TEMs and 
SEMs are called trans-
mission electron micro
graphs and scanning 
electron micrographs, 

l respectively. 
·----------------~~ 

Figure 2·14. Scanning electron micrograph of S. autuus. 
(Provided by of Janice Carr, Matthew J. Arduino, and the CDC.) 

ON he Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• The Compound Light Microscope 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 
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SeH-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. A millimeter is equivalent to how many 
nanometers? 
a 1,000 
b. 10,000 
c. 100,000 
d. 1,000,000 

2. Assume that a pinhead is 1 mm in diameter. How 
many spherical bacteria (coccQ, lined up side by 
side, would fit across the pinhead? (Hint: Use 
information from Table 2-1 .) 
a. 100 
b. 1,000 
c. 10,000 
d. 100,000 

3.. What is the length of an average rod-shaped 
bacterium (bacillus)? 
a. 31J.m 
b. 3nm 
c. 0.3mm 
d. 0.03 mm 

4. What Is the total magnification when using the 
high-power (high-dry) objective o1 a compound 
light microscope equipped with a X1 0 ocular lens? 
a. 40 
b. 50 
c. 100 
d. 400 

5.. How many times better is the resolution o1 the TEM 
than the resolution of the unaided human eye? 
a. 1,000 
b. 10,000 
c. 100,000 
d. 1,000,000 

e How many times better is the resolution of the 
TEM than the resolution of the compound light 
microscope? 
a. 100 
b. 1,000 
c. 10,000 
d. 100,000 

7. How many times better is the resolution of the TEM 
than the resolution of the SEM? 
a100 
b. 1,000 
c. 10,000 
d. 100,000 

8. The limiting factor of any compound light 
microscope Q.e., the thing that limits its resolution 
to 0.2 IJ.Rl) is the: 
a. number of condenser lenses it has 
b. number of magnifying lenses it has 
c. number of ocular lenses it has 
d. wavelength of visible light 

I. Which of the following Individuals is given credit for 
developing the first compound microscope? 
a. Anton van Leeuwenhoek 
b. Hans Jansen 
c. Louis Pasteur 
d. Robert Hooke 

10. A compound light microscope differs from a simple 
microscope in that the compound light microscope 
contains mora than one: 
a. condenser lens 
b. magnifying lens 
c. objective lens 
d. ocular lens 
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Cell Structure 
and Taxonomy 

CHAPTER OUTLINE 

lntraduclan 

EukarJolle cell structure 
Cell Membrane 
Nucleus 
Cytoplasm 
Endoplasmic Reticulum 
Ribosomes 
Golgi Complex 
Lysosomes and Peroxisomes 
Mitochondria 
Plastids 
Cytoskeleton 
Cell Wall 
Flagella and Cilia 

Pralwyallc Cell Structure 
Cell Membrane 
Chromosome 
Cytoplasm 
Cytoplasmic Particles 
Bacterial Cell Wall 
Glycocalyx (Slime Layers and 

Capsules) 
Flagella 
Pili and Fimbriae 
Spores (Endospores) 

Summa.rr al Struclural Dlffararu:as 
batwean Prakai'J'DIIc and 
Eukaryatlc Cells 

After studying this chapter, you should be able to: 

' CHAPTER 

Cut-away Illustration of a eukaryotlc cell. 

Reproduction al Organllmland 
lbelr cells 

Prokaryotic Cell Reproduction 

Taxonomy 
Microbial Classification 

Evolution and tile nee of Ule 
Detannlnlng Ralatednlll among 
Organllml 

• Explain what is meant by the cell theory (see 
Historical Note: Cells) 

• State the contributions of Hooke, Schleiden and 
Schwann, and Virchow to the study of cells 

• Cite a function for each of the following parts of a 
bacterial cell: cell membrane, chromosome, cell wall, 
capsule, flagella, fimbriae, sex pilus, and endospores 

• Cite one function for each of the following parts of a 
eukaryotic cell: cell membrane, nucleus, ribosomes, 
Golgi complex, lysosomes, mitochondria, plastids, 
cytoskeleton, cell wall, flagella, and cilia 

• Compare and contrast plant, animal, and bacterial cells 
• Define the following terms: genus, specific epithet, 

and species 
• Describe the Fwe-Kingdom and Three-Domain 

Systems of Classification 

23 
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INTRODUCTION 

Recall from Chapter 1 that there are two major categories 
of microbes: acellular microbes (also called infectious 
particles) and cellular microbes (also called microorgan
isms). In this chapter, you will learn about the structure 
of microorganisms. Because they are so small, very little 
detail concerning their structure can be determined using 
the compound light miaoscope. Our knowledge of the 
ultrastructure of microbes has been gained through the use 
of electron microscopes. illtrastructure refers to the very 
detailed views of cells that are beyond the resolving power 
of the compound light microscope. Also discussed in this 
chapter are the ways in which microbes and their cells 
reproduce, and how microorganisms are classified. 

In biology, a cell is defined as the fundamental unit of 
any living organism because, like the total organism, the 
cell exhibits the basic characteristics of life. A cell obtains 
food (nutrients} from the environment to produce energy 
for metabolism and other activities. Mcnbolism refers to 
all of the chemical reactions that occur within a cell (see 
Chapter 7 for a detailed discussion of metabolism and met
abolic reactions). Because of its metabolism, a cell can grow 
and reproduce. It can respond to stimuli in its environment 
such as light, heat, cold, and the presence of chemicals. A 
cell can muttte (change genetically) as a result of accidenttl 

HISTORICAL 
NOTE 
Cells 

In 1665, an English physicist named 
Robert Hooke published a book, entitled 
Micrographia, containing descriptions 

of objects he had observed using a 
compound light microscope that he had 
made. These objects included moulds, 
rusts, fleas, lice, fossilized plants and 

animals, and sections of cork. He referred 
to the small empty chambers in the structure of 
cork as •cells, ~ probably because they reminded 
him of the bare rooms (called cells) In a monastery. 
He was the frst person to use the term cells in this 
manner. Around 1838 to 1839, a German botanist 
named Matthias Schleiden and a German zoologist 
named Theodor Schwann concluded that all plant 
and animal tissues were composed of cells; this later 
became known as the cell theory. Then, in 1858, 
the German pathologist Rudolf Virchow proposed 
the theory of biogenesis-that life can arise only 
from preexisting life, and, therefore, that cells can 
arise only from preexisting cells. Biogenesis does 
not address the Issue of the origin of life on Earth, a 
complex topic about which much has been written. 

changes in its genetic material-the deoxyribonucleic acid 
(DNA) that makes up the genes of its chromosomes-and, 
thus, can become better or less suited to its environment 
As a result of these genetic changes, the mutant organism 
may be better adapted for survival and development into 
a new species (pl., species) of organism. 

Bacterial cells exhibit all the characteristics of life, al
though they do not have the complex system of membranes 
and org.melks (tiny organ-like structures} found in the more 
advanced single-celled organisms. These less complex cells, 
which include &aeria and An:hau, are called probryotes 
or prokaryotic cells. The more complex cells, containing 
a true nucleus and many membrane-bound organelles, are 
called eubryotes or eukaryotic cells. Eukaryotes include 
such organisms as algae, protozoa, ', 
fun · 1 · aJs d h Eukaryotic cells gt, p ant!, an.un , an umans. 
Some microbes are prolrn-•otic, possess a true .........,., , nucleus, whereas 
some are euk.aryoti.c, and some prokaryotic cells do 
(e.g., viruses) are not cells at all t no. 
(Fig. 3-1). '- ./ 

VliUSes appear to be the result of regressive or re
verse evolution. They are composed of only a few genes 
protected by a protein coat, and sometimes may contain 
one or a few enzymes. VJ.tUSes depend on the energy and 
metabolic machinery of a host cell to reproduce. Because 
viruses are acellular (not composed of cells), they are placed 
in a completely separate category. They are discussed in 
det:ail in Chapter 4. 

For those in the health professions, it is important to 

learn differences in the structure of various cells, not only 
for identification purposes but also to understand the dif
ferences in their mettbolism. These factors must be known 
before one can determine or explain why antimicrobial 
agents (drugs) atttck and destroy pathogens, but do not 
harm human cells. 

(===M=i=c=ro=b=e=s==) 

...._:._= _lul-:r_ .ll [ - l 
Prallll,._ 

Arohaea 
Bade ria 

Cyanobacteria ,_-

Eu._,.. 
Algae 

Protozoa 
Fungi ._ -

Figure 3·1 . Acellular end cellular microbes. Acellular 
microbes Include vlrolds, prlons, and viruses. Cellular microbes 
include the less complex prokaryotes (archaea and bacteria) 
and the more complex eukaryotes (some algae, all protozoa, 
and some t\lngQ. 



Cytology, the study of the structure and function of 
cells, has developed during the past 7 5 years with the 
aid of the electron microscope and sophisticated bio
chemical research. Many books have been written about 
the details of these tiny functional factories-cells-but 
only a brief discussion of their structure and activities 
is presented here. 

EUKARYOTIC CELl STRUCTURE 

Eukaryotes (eu = true; luwyo refers to a nut or nucleus) are 
so named because they have a true nucleus, in that their 
DNA is enclosed by a nuclear membrane. Most animal and 
plant cells are 10 to 30 IJlD in diameter, about 10 times larger 
than most prokaryotic cells. Figure 3-2 illustrates a typical 
eukaryotic animal cell. This illustration is a composite of 
most of the structures that might be found in the various 
types of human body cells. Figure 3-3 shows a transmission 
electron micrograph of an actual yeast cell. A discussion 
of the functional parts of eukaryotic cells can be better 
understood by keeping the illustrated structures in mind. 

Cell Membrane 
The cell is enclosed and held intact by the cell memlmme, 
which is also referred to as the plasma, cytoplasmic, or 
cellular membrane. Structurally, it is a mosaic composed 

Cell membranes 
have selective per
meability, meaning 
that they allow only 
certain substances 
to pass through 
them. 

oflarge molecules of proteins and 
phospholipids (certain types of 
fats). The cell membrane is like a 
"skin" around the cell, separating 
the contents of the cell from the 
outside world. The cell membrane 
regulates the passage of nutrients, 
waste products, and secretions 

Figure 3-2. A typical eukaryollc animal cell. (Redrawn from 
Cohen BJ. Memmler's The Human Body in Health and Disease. 
11th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2009.} 
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F1gunt 3--3. Cross section through a yeast cell. The cross 
section shows the nucleus (N) with nuclear pores (P), mito
chondrion (M), and vacuole M. The cytoplasm is surrounded 
by the cell membrane. The thick outer portion is the cell wall. 
(From Lechavalier HA, Pramer D. The Microbes. Philadelphia, 
PA: JB Lippincott; 1970.) 

into and out of the cell. Because the cell membrane has 
the property of sekctive pernuability, only certain substances 
may enter and leave the cell. The cell membrane is similar 
in structure and function to all of the other membranes 
that are found in eukaryotic cells. 

Nucleus 
As previously mentioned, the primary difference between 
prokaryotic and eukaryotic cells is that eukaryotic cells 
possess a "true nucleus," whereas prokaryotic cells do not. 
The nucleus (pl., nuclei) controls the functions of the entire 
cell and can be thought of as the "command center" of 
the cell. The nucleus has three components-nucleoplasm, 
chromosomes, and a nuclear membrane. Nucleoplasm (a 
type of protoplasm) is the gelatinous matrix or base material 
of the nucleus. The chromosomes 
are embedded or suspended A •true nucleus" 
in the nucleoplasm. The membrane consists of nuc-
that serves as a "skin" around 
the nucleus is called the nuclear 
membrane; it contains holes 
(nuclear pores) through which 

leoplasm, chro
mosomes, and a 
nuclear membrane. 

\__ ~} 

large molecules can enter and exit the nucleus. 
Eukaryotic chromosomes consist of linear DNA 

molecules and proteins (histones and nonhistone 
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proteins).• Genes are located along the DNA molecules. 
Although genes are sometimes described as "beads on a 
string," each bead (gene) is actually a particular segment of 
the DNA molecule. Each gene contains the genetic infor
mation that enables the cell to produce one or more gene 
products. Most gene products are proteins, but some genes 
code for the production of two types of ribonucleic acid 
,. (RNA): ribosomal ribonucleic acid 

An organism's com-J (rRNA) and transfer ribonucleic 
plete ~llectlon of acid (tRNA) molecules (discussed 
ge~es 1s referred to in Chapter 6). The organism's com-
as 1ta genotype or p1 ll . f · _L_d ete co ecnon o genes IS n:n:rrc 
genome. th . 's 1 - to as at orgamsm genotype ,or 

genome). To understand more about how genes control the 
activities of the entire organism, refer to Chapters 6 and 7. 

The number and composition of chromosomes and the 
number of genes on each chromosome are characteristic of the 
particular species of organism. Different species have different 
numbers and sizes of chromosomes. Human diploid cells, for 
example, have 46 chromosomes (23 pairs), each consisting 
of thousands of genes. It has been estimated that the human 
genome consists of between 20,000 and 25,000 genes.b 

When observed using a transmission electron mi
croscope, a dark (electron dense) area can be seen in the 
nucleus. This area is called the nucleolus; it is here that 
rRNA molecules are manufactured. The rRNA molecules 
then exit the nucleus and become part of the structure of 
ribosomes (discussed later in this chapter). 

Cytoplasm 
Cytoplasm (a type of protoplasm) is a semifluid, gelatinous, 
nutrient matrix. Within the cytoplasm are found insoluble 
stmage granules and nrious cytoplasmic organelles, including 
endoplasmic reticulum (ER), ribosomes, Golgi complexes, 
mitochondria, centrioles, microtubules, lysosomes, and 
other membrane-bound vacuoles. Each of these organelles 
has a highly specific function, and all of the functions are 

"Histones are positivdy charged. low-molecular-weight proteins 
found in eukaryoti.c cell nuclei. They act as spools around which 
DNA winds. This winding enables the compaction necessary to 
fit the large genomes of eukaryotes inside cell nuclei. A com
pacted DNA molecule is about 40,000 times shorter than the 
noncompacted molecule. 
b.Aithough the Human Genome Project was completed in 2003, 
the ex:a.ct number of genes encoded by the human genome is 
still unknown. The reason for the uncertainty is that the various 
predictions are derived from differe.nt computational methods 
and gene-finding programs. Defining a gene is problematic for 
a number of reasons, including (1) small genes can be difficult to 
detect, (2) one gene can code for several protein products, (3) some 
genes code only for RNA. and (4) two genes can overlap. Even 
with improved genome analysis, computation alone is insufficient 
to generate an accurate gene number. Gene predictions must 
be verified by labor-intensive work in the laboratory before the 
scientific community can reach any real consensus. (From http:// 
www.oml.gov/hgmis.) 

SOMETHING 
TO THINK 
ABOUT 
According to findings of the 
Human Genome Project, 

humans possess between 20,000 
and 25,000 genes. How does this 
com pan~ with the genome size 
of other organisms? It has been 

reported that the animal with the 
largest genome is a tiny aquatic crustacean called a 
water flea (Daphnia pulex), with about 31,000 genes.c 
But what about other organisms? Examples reported 
by the Human Genome Projectd and Wikipedia• 
include the bacterium Haemophilus influenzas (1 ,700), 
Escherichia coli (3,200), Cryptosporidium parasites 
(-4,000), a red alga (-5,300), a malarial parasite 
(-5,300), bakers' yeast (-6,000), other fungi (from 
-2,000 to -11 ,800), a green alga (-8,000), a mosquito 
(-13,600), a fruit fly (13,600), a roundworm (19,000), 
a mouse (-25,000 genes), a puffer fish (from 22,000 
to 29,000}, a wild mustard plant called Arabidopsis 
thaliana (25,000), rice (from 32,000 to 50,000), and a 
cottonwood tree (-45,500). Isn't it interesting that the 
genomes of certain plants are larger than the human 
genome? Equally interesting is the fact that more 
than 97% of human genetic material is identical to a 
chimpanzee's, and, although not a microbiology topic, 
it might be something that you would like to learn 
more about by using a search engine. 

interrelated to maintain the cell and allow it to properly 
perform its activities. The cytoplasm is where most of the 
cell's metabolic reactions occur. The semi8uid portion of 
the cytoplasm, excluding the granules and organelles, is 
sometimes referred to as the cytosol. 

Endoplasmic Reticulum 
The ER is a highly convoluted system of membranes that 
are interconnected and arranged to form a transport network 
of tubules and flattened sacs within the cytoplasm. Much 
of the ER has a rough, granular appearance when observed 
by transmission electron microscopy and is designated as 
rough endoplasmic reticulum. This rough appearance is 
caused by the many ribosomes attached to the outer surface 
of the membranes. ER to which ribosomes are not attached 
is called smooth endoplasmic reticulum. 

'http://earthsky.org/earth 
dwww.ornl.gov/sci/techresources!Human_Genomclhq/oompgen 
.shtml 
"http://en.wilripedia.orglwiki!List_of_sequenced_eukaryotic_gcnomes 



Ribosomes 
Eukaryotic ribosomes are 18 to 22 nm. in diameter. 
They consist mainly of rRNA and protein and play an 
,.. important part in the synthe-

l Within a cell, ribo- l sis (manufacture) of proteins. 
somes are the sites Clusters of ribosomes (called 
of protein synthesis. J polyribosomes or polysomes), 

held together by a molecule of 
messenger RNA (mRNA), are sometimes observed by 
electron microscopy. 

Each eukaryotic ribosome is composed of two subunits-a 
large subunit (the 60S subunit) and a small subunit (the 40S 
subunit}--that are produced in the nucleolus. The subunits 
are then transported to the cytoplasm where they renuUn. 
separate until such time as they join together with an mRNA 
molecule to initiate protein synthesis (Chapter 6). When 
united, the 40S and 60S subunits form an 80S ribosome. 
(The "S" refers to Svedberg units, and 40S, 60S, and 80S 
are sedimentation coefficients. A sedimentation coefficient 
expresses the rate at which a particle or molecule moves in 
a centrifugal field; it is determined by the size and shape 
of the particle or molecule.) 

Most of the proteins released from the ER are not ma
ture. They must undergo further processing in an organelle 
known as a Golgi complex before they are able to perform 
their functions within or outside of the cell. 

Golgl Complex 
A Golgi complex, also known as a Golgi apparatus or Golgi 
body, connects or communicates with the ER. This stack. 
of flattened, membranous sacs completes the transforma
tion of newly synthesized proteins into mature, functional 
ones and packages them into small, membrane-enclosed 

vesicles for storage within the 
cell or export outside the cell 
(e.xocytosis or secretion). Golgi 
complexes are sometimes referred 
to as "packaging plants." 

Lysosome& and Peroxisomes 
Lysosomes are small (about 1-~ diameter) vesicles that 
originate at the Golgi complex. They contain lysozyme and 
other digestive enzymes that break down foreign material 
taken into the cell by phagocytosis (the engulfing of large 
particles by amebas and certain types of white blood cells 
called phagocytes). These enzymes also aid in breaking 
down worn out parts of the cell and may destroy the entire 
cell by a process called autolysis if the cell is damaged or 
deteriorating. Lysosomes are found in all eukaryotic cells. 

Peroxisomes are membrane-bound vesicles in which 
hydrogen peroxide is both generated and broken down. 
Peroxisomes contain the enzyme catalase, which cata
lyzes (speeds up) the breaJrdown of hydrogen peroxide 
into water and oxygen. Peroxisomes are found in most 
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eukaryotic cells, but are especially prominent in mam
malian liver cells. 

Mitochondria 
The energy necessary for cellular function is provided by 
the formation of high-energy phosphate molecules such 
as adenosine triphosphate (ATP). ATP molecules are the 
major energy-carrying or energy-storing molecules within 
cells. Mitochondria (sing., mitoc:h.on.drion) are referred to 
as the "power plants," "powerhouses," or "energy factories" 
of the eukaryotic cell because 
this is where most of the ATP Mltochondrta can be ' 
molecules are formed by cellular considered "power 
respiration. During this process, plants~ or "energy 
energy is released from glucose factories• within a 

molecules and other nutrients to cell. 
'drive other cellular functions (see 

) 

Chapter 7). The number of mitochondria in a cell varies 
greatly depending on the activities required of that cell. 
Mitochondria are about 0.5 to lj.l.m in diameter and up to 
7 J.LDl in length. Many scientists believe that mitochondria 
and chloroplasts arose from bacteria living within eubryotic 
cells (see ''The Origin of Mitochondria and Chloroplasts" 
on , .. Pont). 

Plastids 
Plant cells contain both mitochondria and another type 
of energy-producing organelle, called a plastid. Plastids 
are membrane-bound structures containing various pho
tosynthetic pigments; they are the sites of photosynthesis. 
Chloroplasts, one type of plastid, 
contain a green, photosynthetic 
pigment called chlorophyll. 
Chloroplasts are found in plant 
cells and algae. Photosynthesis 
is the process by which light 

{,-----------... 

Within certain types 
of cells, plastlds 
are the sites of 
photosynthesis. .~ ..... _______ _ 

energy is used to convert carbon dioxide and water into 
carbohydrates and oxygen, respectively (Chapter 7). The 
chemical bonds in the carbohydrate molecules represent 
stored energy. Thus, photosynthesis is the conversion of 
light energy into chemical energy. 

Cytoskeleton 
Present throughout the cytoplasm is a system of fibers, 
collectively known as the cytoskeleton. The three types of 
cytoskeletalfibers are microtubules, microfilaments (actin 
filaments), and intermediate filaments. All three types serve 
to strengthen, support, and stiffen the cell, and give the cell 
its shape. In addition to their structural roles, microtubules 
and microfilaments are essential for various activities, such 
as cell division, contraction, motility (see the section on 
Flagella and Cilia), and the movement of chromosomes 
within the cell. Microtubules are slender, hollow tubules 
composed of spherical protein subunits called tubulins. 
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(_ Cell Wall!_) 

P .... nt 
Plants 
Algae 

Fungi J 
Most bacteria 

AbMnt 
Animals 
Protozoa 

Myr:oplasma species 

Figure 3-4. Preeance or abaence ol a cell wall In various 
typea ol cella. Mycoplasma is a genus of bacteria. 

Cell Wall 
Some eukaryotic cells contain cell ~external structures 
that provide rigidity, shape, and protection (Fig. 3 -4). Eu
hryotic cell walls, which are much simpler in structure than 
prokaryotic cell walls, may contain cellulose, pectin, lignin, 
chitin, and some mineral salts (usually found in algae). The 
cell walls of algae contain a polysaccharide-ce~that 
is not found in the cell walls of any other microorganisms. 
Cellulose is also found in the cell walls of plants. The cell 
walls of fungi contain a polysaccharide--d#tin-that is not 
found in the cell walls of any other microorganisms. Chitin, 
which is similar in structure to cellulose, is also found in 
the exoskeletons of beetles and crabs. 

Flagella and Cilia 

Some eukaryotic cells (e.g., spermatozoa and certain 
types of protozoa and algae) possess relatively long, thin 
structures called flagella (sing., :8agellum). Such cells are 
said to be flagellated or motile; flagellated protozoa are 
called flagellates. The whipping motion of the flagella 
enables flagellated cells to uswim" through liquid environ
ments; flagella are said to be whip-.like. Flagella are referred 
to as organelles oflocomotion (cell movement}. Flagellated 
cells may possess one flagellum or two or more flagella. 
Cilia (sing., cilium) are also organelles oflocomotion, but 
they tend to be shorter {more hair-like), thinner, and more 
numerous than flagella. Cilia can be found on some species 
of protozoa (called ciliates) and on certain types of cells 
in our bodies (e.g., the ciliated epithelial cells that line the 
respiratory tract). Unlike flagella, cilia tend to beat with 
a coordinated, rhythmic movement. Eub.ryotic flagella 
and cilia, which contain an internal "9 + 2" arrangement 
of miaotubules (Fig. 3-S), are structurally more complex. 
than bacterial flagella. 

PROKARYOTIC CELL STRUCTURE 

Prokaryotic cells are about 10 times smaller than euhryotic 
cells. A typical E. coli cell is about 1 ~wide and 2 to 3 ~ 
long. Structurally, prol:.aryotes are very simple cells when 
compared with eukaryotic cells, and yet they are able to 

Figura 3·&. Cilia. A transmission electron micrograph show
ing cross sections of mouse respiratory cilia. Note the 9 + 2 
arrangement of microtubules within each cilium: two single 
micrctubules in the center, surrounded by nine doublet micro
tubules. (Provided by L.cuisa Howard and remf.dartmouth.edu/ 
images.) 

perform the necessary processes of life. Reproduction of 
prokaryotic cells is by biMry fosiqn-the simple division of 
one cell into two cells, after DNA replication (Chapter 6) 
and the formation of a separating membrane and cell wall. 
All bacteria are prokaryotes, as are the archaea. 

Embedded within the cytoplasm of prokaryotic cells 
are a chromosome, ribosomes, and other cytoplasmic 
particles (Fig. 3-6). Un.Iike eukaryotic cells, the cytoplasm 
of prokaryotic cells is not filled with internal membranes. 
The cytoplasm is surrounded by a cell membrane, a cell 
wall (usually), and sometimes a capsule or slime layer. These 
latter three structures make up the bacterial cell envelope. 
Depending on the particular species of bacterium, flagella, 
fimbriae, pili (description follows), f '1 
or both may be observed outside Motile eukaryotic 
the cell envelope, and a spore may cells possess either 
sometimes be seen within the cell. '-flagella or cilia. _) 

Call Membrana 

Enclosing the cytoplasm of a prokaryotic cell is the cell 
membrane (also known as the plasma, cytoplasmic, or 
cellular membrane). This membrane is similar in structure 
and function to the eukaryotic cell membrane. Chemically, 
the cell membrane consists of proteins and phospholipids, 
which are discussed further in Chapter 6. Being selectively 
permeable, the membrane controls which substances may 
enter or leave the cell. It is flexible and so thin that it cannot 
be seen with a compound light microscope. However, it is 
frequently observed in transmission electron micrographs 
of bacteria. 
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Figure 3-e. A typical prokaryotic cell. 

May enzymes are attached to the cell membrane, and 
various metabolic reactions take place there. Some scientists 
believe that inward foldings of the cell membranes--called 
mesosom~e where cellular respiration takes place 
in bacteria. This process is similar to that which occurs in 
the mitochondria of eukaryotic cells, in which nutrients 
are broken down to produce energy in the form of ATP 
molecules. On the other hand, some scientists think. that 
m.esosomes are nothing more than artifacts created during 
the processing of bacterial cells for electron microscopy. 

In cyanobacteria and other photosynthetic bacteria 
(bacteria that convert light energy into chemical energy), 
infoldings of the cell membrane contain chlorophyll and 
other pigments that serve to trap light energy for photo
synthesis. However, prokaryotic cells do not have complex 
internal membrane systems similar to the ER and Golgi 
complex of eubryotic cells. Prokaryotic cells do not contain 
any membrane-bound organelles or vesicles. 

Chromosome 
The prokaryotic chromosome usually consists of a single, 
long, supercoiled, circular DNA molecule, which serves 
as the control center of the bacterial cell. It is capable of 
duplicating i13elf, guiding cell division, and directing cellular 
activities. A prokaryotic cell contains neither nucleoplasm 
nor a nuclear membrane. The chromosome is suspended or 
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Bacterial cells po-8_-, embedded in the cytoplasm. The 
sess only one chro- DNA-occupied space within a 
mosome, whereas bacterial cell is sometimes referred 
eukary01fc cells to as the bacterial nucleoid. 
may possess many The thin and tighdy folded 
chromosomes. chromosome of E. coli is about 1.5 

_J mm (1,500 11Jll) long and only 2 
nm wide. Because a typical E. coli cell is about 2 to 3 11J11 
long, its chromosome is approximately 500 to 150 times 
longer than the cell itself-quite a packaging feat! Bacterial 
chromosomes contain between 575 and 55,000 genes, de
pending on the species. Each gene codes for one or more 
gene products (enzymes, other proteins, and rRNA and 
tRNAmolecules). In comparison, the chromosomes within 
a human cell contain between 20,000 and 25,000 genes. 

Small, circular molecules of double-stranded DNA 
that are not part of the chromosome (referred to as ext
rachromosomal DNA or plasmids) may also be present 
in the cytoplasm of prokaryotic 
cells (Fig. 3-7). A plasmid may 
contain anywhere from fewer than 
10 genes to several hundred genes. 
A bacterial cell may not contain 
any plasmids, or it may contain 
one plasmid, multiple copies of 
the same plasmid, or more than 
one type of plasmid (i.e., plasmids 

(- ~ 

A bacterial cell may 
not contain any 
plasmids, or it may 
contain one plas-
mid, multiple copies 
of 1he same plas
mid, or more than 
one 1ype of plasmid. , 

~ J 
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Bacttrlum 

/ ,---~Cellwall 

0 Ch~m~me 
• Cin:ular, doubiH!randed DNA 
• 3,000 genes (3,000 kllobases) 
• Single oopy per cell 
• Highly folded in cell 

~___..,__ Plasmid 

• Cin:ular, double-stranded DNA 
• 5-100 genes (5-100 kllobases) 
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Figure 3-7. A typical bacterial genome. The hypothetical 
bacterial cell illustrated here possesses a chromosome containing 
3,000 genes and a plasmid containing 5 to 100 ganes. (Redrawn 
from Harvey RA. et al. Lippincott's lllustr.rt1Jd Revi9ws. Miclobiol· 
ogy. 3rtl ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

containing different genes). (Additional information about 
bacterial plasmids is found in Chapter 7.) Plasmids have 
also been found in yeast cells. 

STUDY AID 
Beware of Similar 
Sounding Words 

A pla•mld is a small, 
circular molecule of 
double-stranded DNA. It is 
referred to as extrachromosomal DNA because it is 
not part of the chromosome. Plasmids are found in 
most bacteria. A pla.tld is a cytoplasmic organelle, 
found only In certain eukaryotlc cells {e.g., algae and 
plants). Plastlds are the sites of photosynthesis. 

Cytoplasm 

The semiliquid cytoplasm of prokaryotic cells consists of 
water, enzymes, dissolved oxygen (in some bacteria), waste 
products, essential nutrients, proteins, carbohydrates, and 
lipid&-a complex mixture of all the materials required by 
the cell for its metabolic functions. There is some evidence 
to suggest that bacterial cytoplasm contains a cytosk.eletal 
structure similar to that of euk:aryotic cells. 

Cytoplasmic Particles 

'Within the bacterial cytoplasm, many tiny particles have 
been observed. Most of these are ribosomes, often occurring 
in clusters called polyribosomes or polysomes (poly meaning 
many). Prokaryotic ribosomes are smaller than eulwyotic 

ribosomes, but their function is the same-they are the 
sites of protein synthesis. A 70S prokaryotic ribosome is 
composed of a 30S subunit and a SOS subunit. It has been 
estimated that there are about 15,000 ribosomes in the 
cytoplasm of an E. coli cell. 

Cytoplasmic granules occur in certain species of bac
teria: a suitable stain may be used, and then identified 
microscopically. The granules may consist of starch, lipids, 
sulfur, iron, or other stored substances. 

Bacterial Cell Wall 
The rigid e:r:terior cell wall that defines the shape of bac
terial cells is chemically complex. Thus, the structure of 
bacterial cell walls is quite different from the relatively 
simple structure of eukaryotic cell walls, although they 
serve the same functions-providing rigidity, strength, 
and protection. The main constituent of most bacterial 
cell walls is a complex macromolecular polymer known as 
peptidoglycan (also known as murein), consisting of many 
polysaccharide chains linked together by small peptide 
(protein) chains (Fig. 3-8). Peptidoglycan is only found in 
bacteria. The thickness of the cell wall and its exact com
position vuy with the species of bacteria. The cell walls 
of certain bacteria, called Gram-positive bacteria (to be 
explained in Chapter 4), have a thick layer of peptidoglycan 
combined with teichoic acid and lipoteichoic acid molecules 
(Fig. 3-9). The cell walls of Gram.-negat:ive bacteria (also 
explained in Chapter 4) have a much thinner layer of pep
tidoglycan, but this layer is covered with a complex layer 
of lipid macromolecules, usually referred to as the outer 
membrane, as shown in Figure 3-9. These macromolecules 
are discussed in Chapter 6. Although most bacteria have 
cell walls, bacteria in the genus Mycoplasma do not.Archaea 
(described in Chapter 4) have cell walls, but they do not 
contain peptidoglycan. 

N·acetylglucosamine 

Flgur. 3-8. Structure of peptidoglycan. The peptidoglycan 
(murein) layer in a bacterial C911 is a crystal lattice. Polysac
charide chains consisting of two alternating amino sugars are 
attached to a short peptide chain. Some of the peptide chains 
of one polysaccharide chain are cross-linked to peptide chains 
of another polysaccharide chain, thus producing a 1hree
dimensional lattice structure. (Redrawn from Engleberg NC, 
et al. Schaechter's Mechanisms of Microbial Disease. 5th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 
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GRAM-NEGATIVE GRAM-POSITIVE 
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Figure 3-8. Dlfferancea between Gram-negative and Gram-positive cell walla. The relatively thin Gram-negative cell 
wall contains a thin layer of peptidoglycan, an outer membrane, and lipopolysaccharide. The thicker Gram-positive cell wall 
contains a thick layer of peptidoglycan and teichoic and lipateichoic acids. 

Some bacteria lose their ability to produce cell walls, 
transforming into tiny variants of the same species, referred 
to as L-form or cell wall-deficient (CWD) bacteria. Over 
50 different species of bacteria are capable of transforming 
into CWD bacteria. Under laboratory conditions, CWD 
forms can be produced by treating bacteria with antibiotics 
that inhibit the formation of the cell wall. Some investiga-
..-- ~ tors suggest that the recurrence 

Most bacteria of some infections following what 
possess cell walls. 
Exceptions Include appears to be adequate antibiotic 
CWD bacteria and therapy may be the result of CWD 
Mycoplasma spp. bacteria reverting back to their 

..._ ______ .) natural state. 

Glycocalyx (Slime Layers and Capsules) 

Some bacteria have a thick layer of material (known as 
glycocalyx) located outside their cell wall. Glycocalyx is a 
slimy, gelatinous material produced by the cell membrane 
and secreted outside of the cell wall. There are two types 
of glycocalyx. One type, called a slime layer, is neither 
highly organized nor firmly attached to the cell wall. It 
easily detaches from the cell wall and drifts away. Bacteria 

...., in the genus Psefl.dqmrmflS produce 
Depending on the a slime layer, which sometimes 
species, bacterial plays a role in diseases caused 
cells may or may not by Pseud()'monas species. Slime 
be surrounded by layers enable certain bacteria 
glycocatyx. The two to glide or slide along solid 
types of glycocalyx surfaces, and seem to protect 
are slime layers and bacteria from antibiotics and 
capsules. 

... _________ J desiccation. 

The other type of glycocalyx, called a capsule, is 
highly organized and firmly attached to the cell wall. 
Capsules usually consist of polysaccharides, which may 
be combined with lipids and proteins, depending on the 
bacterial species. Knowledge of the chemical composition 
of capsules is useful in differentiating among different 
types of bacteria within a particular species; for enmple, 
different strains of the bacterium H. influmzae, a cause of 
meningitis and ear infections in children, are identified 
by their capsular types. A vaccine, called Hib vaccine, is 
available for protection against disease caused by H. in
fluenza~ capsular type b. Other enmples of encapsulated 
bacteria are Klebsiella ~. Neisseria meningitidis, 
and Stnptococcus pneflfiiO'IIiae. 

Capsules can be detected using a capsule-staining pro
cedure, which is a type of negtltive stain. The bacterial cell 
and background become stained, but the capsule remains 
unstained (Fig. 3-10). Thus, the capsule appears as an un
stained halo around the bacterial cell. Antigen-antibody 
tests (described in Chapter 16) may be used to identify 
specific strains of bacteria possessing unique capsular 
molecules (antigens). 

Encapsulated bacteria usually produce colonies on nutri
ent agar that are smooth, mucoid, 
and glistening. Capsules serve an 
anti phagocytic function, protecting 
the encapsulated bacteria from 
being phagocytized (ingested) by 
phagocytic white blood cells. Thus, 
encapsulated bacteria are able to 
survive longer in the human body 
than nonencapsulated bacteria . 

(. ~ 

Bacterial capsules 
serve an antlphago
cytlc function, 
meaning that they 
protect encapsu
lated bacteria from 
being phagocytized 
by white blood cells. 1 ~ , 
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A B 
Figura 3·1 0. Capsule staining. A. Drawing illustrating the msults of the capsule
staining technique. B. Photomicrograph of encapsulated bacteria that have bean stained 
using the capsule-staining technique. The capsule staining is an example of a negative 
staining technique. Note that the bacterial cells and the background stain, but the 
capsules do not. The capsules are seen as unstained Mhalos• around the bacterial cells. 
([B) From Winn WC Jr, at al. KOIIfJITIBn 's Color Atlas and Textbook of Diagnostic 
Microbiology. 6th ad. Philadelphia, PA: Lippincott Williams & Wilkins; 2008.) 

Flagella 
Flagella (sing., flagellum) are thread-like, protein appendages 
that enable bacteria to move. Flagellated bacteria are said tn 

Motile bacteria usu
ally possess flagella. 
Bacteria never pos
sess cilia. 

be motile, whereas nonfiagellated 
bacteria are usually nonmotile. 
Bacterial fi.agella are about 1 0 
to 20 nm thick; too thin to be 
seen with the compound light 
microscope. 

The number and arrangement of flagella possessed by a 
certain species of bacterium are characteristic of that species 
and can., thus, be used for classification and identification 
purposes (Fig. 3-11 ). Bacteria possessing flagella over their 
entire surface (perimeter) are called peritrichous bacteria. 
Bacteria with a tuft of flagella at one end are described as 
lophotrichous bacteria, whereas those having one or more 
flagella at each end are said to be amphitrichous bacteria. 
Bacteria possessing a single polar flagellum are described 

as monotrichous bacteria. In the laboratory, the number 
of flagella that a cell possesses and their locations on the 
cell can be determined using what is known as a flagella 
stain. The stain adheres to the flagella, making them thick 
enough to be seen under the microscope (Fig. 3-12). 

Bacterial flagella consist of three, four, or more threads 
of protein (called flagellin) twisted like a rope. Thus, the 
structures ofbacterial flagella and eulwyotic flagella are quite 
different. You will recall that eukaryotic flagella (and cilia) 
contain a complex arrangement of internal microtubules, which 
run the length of the membrane-bound flagellum. Bacterial 
flagella do not contain mic.rotubules, and their flagella are 
not membrane-bound. Bacrerial fta.gella arise from a basal 
body in the cell membrane and project outward through the 
cell W3l.l and capsule (If present), as was shown in Figure 3-6. 

Some spirochetes (spiral-shaped bacteria) have two 
flagella-like fibrils called axial filaments, one attached to 
each end of the bacterium. These axi.al filaments extend 

)'z._-. ~~/ .::~:6----~
(Jj ~____,,,_ ~/r--·?F 
~/t!..11Y' ~ . QJL '? i£:::-•uo _,wn 

)Jl~-=3-~ 
Amphltrtchous bacterium 
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Figure 3·11. Flagellar arrangement. The four basic types of flagellar arrangement on 
bacteria: perttrlchous, flagella all over the surface; lophotrichous, a tuft of flagella at one end; 
amphitrichous, one or more flagella at each end; monotrichous, one flagellum. 
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Figure 3-12. Bacillus cells, showing peribichous fla
gella. Bacillus is a bacterial genus. The cells were stained 
using a special flagella stain. (Provided by Dr. William A. Clark 
and the CDC.) 

toward each other, wrap around the organism between the 
layers of the cell wall, and overlap in the midsection of the 
cell. As a result of its axial filaments, spirochetes can move 
in a spiral, helical, or inchworm manner. 

Pili and Fimbriae 

Pili (sing., pnus) or fimbriae (sing., :fimbria) are hair-like 
structures, most often observed on Gram-negative bacteria. 
They are composed of polymerized protein molecules called 
pilin. Pili and fimbriae are much thinner than fbgella, have 
a rigid structure, and are not associated with motility. These 
tiny appendages arise from the cytoplasm and extend through 
the plasma membrane, cell wall, and capsule (if present). 
Fimbriae (also referred to as attachment pili) are present 
over the entire surface of the bacterium (Fig. 3-13) and 
enable bacteria to adhere or attach to surfaces. Fimbriated 
bacteria are able to cause diseases such as urethritis and 
cystitis, whereas nonfimbriated strains are unable to attach to 

.... the cell surface to cause infection . 
The sex pilus is a single structure 
that facilitates transfer of genetic 
material from one bacterial cell to 
another following attachment of 

Fimbriae and pili are 
organelles of attach
ment. That is, they 
enable bacteria to 
adhere to surfaces. ..! the cells to each other (described 
""-----~ in Chapter 7). 

A bacterial cell possessing a sex pilus (called a donor 
cell)-and the cell only possesses one sex pilus-is able to 
,.----------. .., attach to another bacterial cell 

(called a recipient cell) by means 
of the sex pilus. Genetic material 
(usually in the form of a plasmid) 
is then transferred from the donor 
cell to the recipient cell-a process 
known as conjugation (described 

A sex pilus facili
tates the transfer 
of genetic material 
from one bacterial 
cell (the donor ceiO 
to another (the re
cipient cell). 

__.) more fully in Chapter 7). 
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Flgure 3-13. Tranemlulon electran micrograph ehowlng 
numerous fimbriae surrounding a Klebalella pneumrmla 
cell. The fimbriae enable this bacterium to adhere to tissue. 
K. pneumonia& is a common cause of urinary tract infections. 
(Provided by Dr. Robart Fader.) 

Spora (Endosparas) 

A few genera of bacteria (e.g., r .... , 
Endospores enable 

Bacillus and Clostridium) are bacteria to survive in 
capable of forming thick-walled adverse conditions, 
spores as a means of survival such as temperature 
when their moisture or nutrient extremes, deslc-
supply is low. Bacterial spores cation, and lack of 
are referred to as endospores, nutrients. 
and the process by which they '- ===) 

are formed is called sporulation. 
During sporulation, a copy of the chromosome and 
some of the surrounding cytoplasm becomes enclosed 
in several thick protein coats. Spores are resistant to 
heat, cold, drying, and most chemicals. Spores have 
been shown to survive for many years in soil or dust, 
and some are quite resistant to disinfectants and boiling. 
When the dried spore lands on a moist, nutrient-rich 
surface, it germinates, and a new vegetative bacterial 
cell (a cell capable of growing and dividing) emerges. 
Germination of a spore may be compared with that of 
a seed. However, in bacteria, spore formation is related 
to the survival of the bacterial cell, not to reproduction. 
Usually, only one spore is produced in a bacterial cell 
and it germinates into only one vegetative bacterium. 
In the laboratory, endospores can be stained using what 
is known as a spore stain. Once a particular bacterium's 
endospores are stained, the laboratory technologist can 
determine whether the organism is producing terminal 
or subterminal spores. A terminal spore is produced at 
the very end of the bacterial cell, whereas a subterminal 
spore is produced elsewhere in the cell (Fig. 3-14). Where 
a spore is being produced within the cell and whether or 
not it causes a swelling of the cell serve as clues to the 
identity of the organism. 
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A 
Figure ~14. 'nlrmin.al and subtanninal aporw. A. Gram-stained Clostridium iBtBni bactaria, nMIBiing terminal spores {anDWS) 
C. ~ CBUS8S the disease known as tetanus. B. Gram-stained Clostridium difftcile bacteria revealing subterminal spores (~) 
C. difflcile causes a diatrtteal disease. (Provided by Dr. Gilda Jones and the CDC; Courtesy oi Dr. Holdeman and the CDC.) · 

HISTORICAL 
NOTE 
The Discovery of Endospore& 

Wh ile perfonning spontaneous generation 
experiments in 1876 and 18n, a British 
physicist named John Tyndall concluded 

that certain bacteria exist in two forms: 
a form that is readily killed by simple 
boiling (i.e., a heat-labile form) and a 
form that is not killed by simple boiling 

O.e., a heat-stable form). He developed 
a fractional sterilization technique, known as 
tyndallization, which successfully killed both the 
heat-labile and heat-stable forms. Tyndallization 
involves boiling, followed by incubating, and then 
reboiling; these steps are repeated several times. 
The bacteria that emerge from the spores during 
the incubation steps are subsequently killed 
during the boiling steps. In 1877, Ferdinand Cohn, 
a German botanist, described the microscopic 
ap~earance of the two forms of the •hay bacillus," 
wh1ch Cohn named Bacillus subtilis. He referred 
to small refractile bodies within the bacterial 
cells as "spores" and observed the conversion 
of spores into actively growing cells. Cohn also 
concluded that when they were in the spore phase, 
the bacteria were heat resistant. Today, bacterial 
spores are known as endospores, whereas active, 
metabolizing, growing bacterial cells are referred 
to as vegetative cells. The experiments of Tyndall 
and Cohn supported Louis Pasteur's conclusions 
regarding spontaneous generation and dealt the 
final death blow to that theory. 

SUMMARY OF STRUCTURAL DIFFERENCES 
BETWEEN PROKARYOTIC AND 
EUKARYOTIC CELLS 

Eubryotic cells contain a true nucleus, whereas prokaryotic 
cells do not. Eubryotic cells are divided into plant and 
animal types. Animal cells do not have a cell wall, whereas 
plant cells have a simple cell wall, usually containing cellu
lose. Cellulose, a type of polysaccharide, is a rigid polymer 
of glucose (polymers and polysaccharides are described 
in Chapter 6). Prokaryotic cells have complex cell walls 
consisting of proteins, lipids, and polysaccharides. Eukary
otic cells contain membranous structures (such as ER and 
Golgi complexes) and many membrane-bound organelles 
(such as mitochondria and plastids). Most prokaryotic cells 
possess no membranes other than the cell membrane that 
encloses the cytoplasm. Eukaryotic ribosomes (referred to 
as 80S ribosomes) are larger and denser than those found 
in prokaryotes (70S ribosomes). 
The filet that 70S ribosomes are 
found in the mitochondria and 
chloroplasts of eubryotes may 
indicate that these structures were 
derived from parasitic probryores 
during their evolutionary develop
ment. Other differences between 
prokaryotic and eubryotic cells 
are listed in Table 3-1. 

Eukaryotlc calls 
contain numerous 
membranes and 
membrane-bound 
structures. The 
only membrane 
possessed by most 
prokaryotic cells is 
the cell membrane. 

'- j 

REPRODUCTION OF ORGANISMS AND 
THEIR CELLS 

~eproduction (referring to the manner in which organ
lSms reproduce) and cell reproduction (referring to the 
process by which individual cells reproduce) are complex 
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'"~.._ Comparison between Eukaryotic and Prokaryotic Cells '- ···: 

Eukaryotic Cells 

PlanttJpe 

Biologic distribution All plants, fungi, and algae 
Nuclear membrane Present 
Membranous structures Present 

other than cell 
membranes 

Microtubules Present 
Cytoplasmic ribosomes 80S 

(density) 
Chromosomes Composed of DNA and 

proteins 
Flagella or cilia When present, have a 

complex structure 

Cell wall When present, of simple 
chemical constitution; 
usually contains cellulose 

Photosynthesis Present 
(chlorophyiQ 

topics, which can only be briefly 
discussed in a book of this size. 
The following topics are discussed 
briefly on ,. Pdi:"lt: 

• asemal versus semal reproduction 
• life cycles 
• euk:aryotic cell reproduction 

(mitosis and meiosis) 

('-------, 
Bacterial cells 
reproduce by bina.y 
fission-one cell 
splits In half to 
become two cells 
(known as daughter 

.,_cells). ~J 

Prokaryotic Cell Reproduction 
Prokaryotic cell reproduction is quite simple when compared 
with eukaryotic cell division. Prokaryotic cells reproduce by 
a process known as binary fission, in which one cell (the parent 
cell) splits in half to become two daughter cells (Fig. 3-15). 
Before a prokaryotic cell can divide in half, its chromosome 
must be duplicated (a process known as DNA replication; 
discussed in Chapter 6), so that each daughter cell will possess 
the same genetic information as the parent cell (Fig. 3-16). 

The time it takes for binary fission to occur (i.e., the 
time it takes for one prokaryotic cell to become two cells) 
is called the generation time. The generation time varies 
from one bacterial species to another and also depends on 
the growth conditions (e.g., pH, temperature, and avail
ability of nutrients). In the laboratory (in vitro), under ideal 
conditions, E. coli has a generation 
time of about 20 minutes-the 
number of cells will double every 
20 minutes. Bacterial generation 
times range from as short as 10 
minutes to as long as 24 hours, or 
even longer in some cases. 

r The length of time H l 
takes for one bacte
rial cell to split into 
two cells is referred 
to as the organism's J 

.... generation time. 

Animal type 

All animals and protozoa 
Present 
Present 

Present 
80S 

Composed of DNA and 
proteins 

When present, have 8 
complex structure 

Absent 

Absent 

Prokaryotic Cells 

All bacteria 
Absent 
Generally absent except for 

mesosome& and photosynthetic 
membranes 

Absent 
70S 

Composed of DNA alone 

When present, flagella have 8 simple 
twisted protein structure; prokary
otic cells do not possess cilia 

Of complex chemical constitution, 
containing peptidoglycan 

Present In cyanobacteria and some J 
other bacteria 

Figure 3·18. A scanning electron micrograph ehowlng 
Enfatoc:Gccus bacteria, many of which are In the proceae 
of binary fission (arroW5). (Provided by of Janice Haney Carr 
and the CDC.) 

TAXONOMY 

According to Bergey's Ma'IIUIII of Syrt~tic Bacteriology 
(described in Chapter 4 and on th~ l'-o l rrt), taxonomy 
(the science of classification of living organisms) con
sists of three separate but interrelated areas: classifica
tion, nomenclature, and identification. Clllssiftcatio'fl is 
the arrangement of organisms into taxonomic groups 
(known as taxa [sing., taxon]) on the basis of similarities 
or relationships. Taxa include kingdoms or domains, 
divisions or phyla, classes, orders, families, genera, and 
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Patent cell 

~ DNA replication 

Two daughter cells 

Figure 3-11. Binary fission. Note that DNA replication must 
occur prior to the actual splitting (fission) of the parent cell. (An 
animated version of this figure can be found on:![ Poln"t .) 

species. Closely related organisms (i.e., organisms having 
similar characteristics) are placed into the same taxon. 
Nomenclllturr: is the assignment of names to the various 
taxa according to international rules.ltlentification is the 
process of determining whether an isolate belongs to one 
of the established, named taxa or represents a previously 
unidentified species. 

STUDY AID 
A Way to Remember the 
Sequence of Taxa from 
Kingdom to Species 

Abbreviations and phrases 
are often helpful when try-
ing to learn new material. A former student used the 
phrase "King David Came Over For Good Spaghetti" 
(KDCOFGS) to help her remember the sequence of 
taxa from kingdom to species (K for Kingdom, D for 
Division, C for Class, 0 for Order, F for Family, G for 
Genus, and S for Species). Or, If phylum Is preferred, 
rather than division, King Philip can be substituted for 
King David (KPCOFGS). 

When attempting to identify an organism that has been 
isolated from a clinical specimen, laboratory technologists 
are very much like crime scene investigators or detectives. 
They gather "clues" (characteristics, attributes, properties, 
and traits) about the organism until they have sufficient 

r "', 
An organism's com-
plete collection of 
genes is referred 
to as ltle organ-
ism's genotype or 
genome. An organ
ism's complete col
lection of physical 
characteristics is 

clues to identify the organism to 
the species level. In most cases, 
the clues that have been gathered 
will match the characteristics of 
an established species. (Note: 
throughout this book, the term 
"to identify an organism" means 
to learn the organism's species 
name.) An organism's complete 
collection of physical character-

1m th known as ltle organ-
istics is own as e organism's ism's phenotype. 
phenotype. "- .) 

Microbial Classlncatlan 

Since Aristode's time, scientists have attempted to name 
and classify living organisms in a meaningful way, based 
on their appearance and behavior. ~, 
Thus, the science of taxonomy In the binomial sys-
was established, based on the tam of nomencla-
binomial system of nomenclature rura, ltle first name 
d 1 d . th lSth (e.g., Escherichia) Is 

eve ope m e century ltle genus, and the 
bythe Swedish scientist Carolus second name (e.g., 
Linnaeus. In the binomial system, co/1) is the specific 
each organism is given two names epithet. When used 
(e.g., Homo siiJJims for humans). together, the first 
The first name is the genus (pl., and second names 
genera), and the second name (e.g., Escherichia 
is the specific epithet. The first co/1) are referred to 
and second names together are ...__as a species. 
referred to as the species. 

I _, 

Because written reference is often made to genera and 
species, biologists throughout the world have adopted a 
standard method of expressing these names. To express the 
genus, capitalize the first letter of the word and underline 
or italicize the whole word-for example, Escherichia. To 
express the species, capitalize the first letter of the genus 
name (the specific epithet is not capitalized) and then un
derline or italicize the entire species name-for enmple, 
Escherichia coli. Frequendy, the genus is designated by a 
single-letter abbreviation; in the example just given, E. coli 
indicates the species.In an essay or article about Escherichia 
coli, Escherichia would be spelled out the first time the organ
ism is mentioned; thereafter, the abbreviated form, E. coli, 
could be used. The abbreviation "sp." is used to designate 
a single species, whereas the abbreviation "spp." is used to 
designate more than one species. 

In addition to the proper scientific names for bacteria, 
acceptable terms such as staphylococci (for St~~phywcoccus 
spp.), streptococci (for Streptococcus spp.), clostridia (for 
Cwstridium spp.), pseudomonads (for Pseudomrmas spp.), 
mycoplasmas (for Mycoplasma spp.), rickettsias (for IOcktttsia 



spp.), and chlamydias (for Chlamydi11 spp.) are commonly 
used. Nicknames and slang terms frequently used within 
hospitals are GC and gonococci (for Neisseria go'IUJrrhoetU), 
meningococci (for N. meningitidis), pneumococci (for S. 
pneunumille), staph (for St11phybJcoccus or staphylococcal), 
and strep (for Streptococcus or streptococcal). It is com
mon to hear health care workers using terms such as 
meningococcal meningitis, pneumococcal pneumonia, 
staph infection, and strep throat. 

Quite often, bacteria are named for the disease that 
they cause (see Table 3-2 for examples). In a few cases, 
bacteria are misnamed. For example, H. inftuenz~~t does 
not cause influenza, which is a respirato.ty disease caused 
by influenza viruses. 

Organisms are categorized into larger groups based 
on their similarities and differences. It should be noted 
that the classification of living organisms is a complex and 
controversial subject. 

In 1969, Robert H. Whittaker proposed a Five-Kingdom 
System of Classification, in which all organisms are placed 
into five kingdoms: 

• Bacteria and archaea are in the Kingdom Prokaryotae 
(or Monera) 

• Algae and protozoa are in the Kingdom Protista (organ-
isms in this kingdom are referred to as protists) 

• Fungi are in the Kingdom Fungi 
• Plants are in the Kingdom Plantae 
• Animals are in the Kingdom Animalia (Although humans 

are in the Kingdom Animalia, in this book, the word 
"animals, refers to animals other than humans.) 

STUDY AID 
What's in a Name? 

Sometimes, bacteria and 
other microorganisms are 
named for the person who 
discovered the organism. An 
interesting example is the name of the plague bacillus. 
The bacterium that causes plague was discovered in 
1894 by Alexandre Emile Jean Yersin (1863-1943), 
a French bacteriologist of Swiss descent, who 
worked for many years at various Pasteur Institutes 
in Vietnam. Yersin originally named the organism 
Bacillus pestis, but in 1896 the name was changed 
to Pasteurella pestis, to honor Louis Pasteur, with 
whom Yet'Sin had studied. Then, many years later, 
taxonomists changed the name to Yersinia pestis 
to honor Yersin-the person who discovered the 
organism. Other genera named tor bacteriologists 
include Bordetella (Jules Bordet), Escherichia 
(Theodor Escherich), Neisseria {Albert Ludwig 
Neisser), and Salmonella (Daniel Elmer Salmon). 
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Bacllerium 

Bacillus anthracls 
Chlamydophlla pneumonlae 
Chlamydophlla pslttacl 
Chlamydia ttachomatls 
Clostridium botulinum 
Clostridium tetanl 
Corynebacterium dlphthertae 
Franc/sella tularensls 
Mycobacterium /eprae 
Mycobacterium tuberculosis 
Mycoplasma pneumoniae 
NeiSS8fia gonorrttoeae 
NeiSS8fia meningff.idis 
Shigella dysenteriae 
Streptococcus pneumoniae 
Vibrio choklrae 

Dieeaae 

Anthrax 
Pneumonia 
Psittacosis ("parrot fever'1 
Trachoma 
Botulism 
Tetanus 
Diphtheria 
Tularemia (•rabbit fever'') 
Leprosy (Hansen disease) 
Tuberculosis 
Pneumonia 
Gononhea 
Meningitis 
Bacterial dysentery 
Pneumonia 
Cholera 

•1n some cases, these bacteria cause men than one disease. 

V.uuses are not included in the Five-Kingdom Sys
tem of Classification because they are not living cells; 
they are acellular. Note that four of the five kingdoms 
consist of eukaryotic organisms. Each kingdom consists 
of divisions or phyla, which, in turn, are divided into 
classes, orders, families, genera, and species (Table 3-3). 
In some cases, species are subdivided into subspecies, 
their names consisting of a genus, a specific epithet, and 
a subspecific epithet (abbreviated "ssp!'); an example 
would be H. irljluenzae ssp. Aeg;yptius, the most common 
cause of"pink.eye." Although Whitt:alrer~ Five-Kingdom 
System of Classification has been a popular classification 
system for the past 30 or so years, not all scientists agree 
with it; other taxonomic classification schemes exist. 
For example, some scientists do not agree that algae and 
protozoa should be placed into the same kingdom, and 
in some classification schemes, protozoa are placed into 
a subkingdom of the Animal Kingdom. 

In the late 1970s, Carl R. Woese (see the following 
"Historical Note~ devised a Three-Domain System 
of Classifi.cation, which is gaining in popularity among 
scientists. The Three-Domain System of Classification 
is based on differences in the structure of certain rRNA 
molecules among organisms in the three domains. In this 
Three-Domain System, there are two domains of prokary
otes (Archttell and Blll:te'ri4) and one domain, called Eucary11 
or Eululrya. which includes all euk:aryotic organisms. Note 
that the domain names are italicized. 

Archaea comes from arch~~e, meaning "ancient., 
Although members of the Domain Archaea have been 
referred to in the past as archaebacteria and archaeobac
teria (meaning ancient bacteria), these names have fallen 
out of favor because the arcbaea are so different from 
bacteria. Similarly. organisms in the Domain Bacterill 
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Kingdom (Domain) 
Phylum 
Class 
Order 
Family 
Genus 
Species (a species has two 

names; the first name is the 
genus, and the second name is 
the specific epithet) 

Human being 

Animalia (Eukarya) 
Chordata 
Mammalia 
Primates 
Homfnldae 
Homo 
HomosapleM 

Escherichia coli (a medically 
important Gram-negative 
bacillusr 

Prokaryotae (Bacteria) 
Proteobacterla 
Gammaproteobacteria 
Enterobacteriales 
Enterobacteriaceae 
Escherfchta 
Escherfchta coif 

Stephylococcus aul'8us 
(a medically important 
Gram-positive coccusr 

Prokaryotae (Bacteria) 
Flrmlcutes 
Cocci 
Bacillales 
Staphylococcaceae 
Staphylococcus 
Staphylococcus aureus 

"Based on BfJili&Y~ M1111ual of Systematic Bacterfology. Vo11. 2nd eel. New York, NY: SprfngG~~-Vertag; 2001. A bacillus Ia a rod-shaped bac1erfum. 
A coccus Is a sphM'IcaJ.shsped bacterium. 

HISTORICAL 
NOTE 
CariR.Woese 

During the 1970s, a molecular biologist 
named Carl Woese and his colleagues 
at the University of Illinois shook up the 

scientific community by developing 
a system of classifying organisms 
that was based on the sequences of 
nucleotide bases In their ribosomal RNA 

{rRNA) molecules. They demonstrated 
that prokaryotic organisms can be divided into two 
major groups (referred to as domains), based on 
differences in their rRNA sequences, and that the 
rRNA from these two groups differed from the rRNA 
of eukaryotic organisms. Although this system 
of classification was not widely accepted at first, 
Woese's Three-Domain System of Classification 
has become the classification system most favored 
by microbiologists. 

have, at times, been refetted to as eubacteria, meaning 
"true" bacteria, but are now usually referred to simply as 
bacteria. Domain Archaea contains 2 phyla, and Domain 
Baaeria contains 23. 

The Domain Eulcarya is divided into four kingdoms: 
~gdom Protista or Protoctista (algae and protozoa); 
Kingdom Plantae; Kingdom Fungi; and Kingdom 
Animalia. 

Perhaps taxonomists will someday combine the 
Three-Domain System and the Five-Kingdom System, 
producing either a Six-Kingdom System (Bacteria,Arch.aea, 
Protista, Fungi, Plantae, andAnimali.a) or a Seven-Kingdom 
System (Bacteria, Archaea,Aigae, Protozoa, Fungi, Plantae, 
and Animalia). 

EVOLUTION AND THE TREE OF LIFE 

Although evolutionary biology is a complex and controversial 
topic, many scientists believe that life on Earth originated 
and then evolved from what is commonly referred to as the 
last universal common ancestor (LUCAt approximately 
3 .S to 3. 9 billion years ago. A popular theory is that highly 
energetic chemical reactions produced self-replicating 
molecules (such as RNA) around 4 billion ~ars ago, which 
led to the assembly of simple cells, and then about a half 
billion years later, the LUCA e:risted. It is currently pos
tulated that these biochemical reactions likely occurred in 
thermal vents deep in the ocean. 

Prokaryotes inhabited Earth from approximately 3 to 
4 billion years ago, and eukaryotic cells emerged between 
1.6 and 2.7 billion years ago. It is thought that certain 
bacterial cells were engulfed by eukaryotic cells, leading 
to a cooperative association known as endosymbiosis. 
Some endosymbiotic bacteria evolved into mitochondria, 
whereas others (the photosynthetic cyanobacteria) evolved 
into chloroplasts. 

fr.UCA is also refetted to as the last universal ancestor (LUA), 
the progenote or cenancestor, and the most recent common 
ancestor (MR.CA). 



HISTORICAL 
NOTE 
Charles Darwin and Microbiology 

In his 1859 book entitled "On the Origin 
of Species, • the British naturalist Charles 
Darwin (18~ 1882) (Fig. 3-17) wrote that all 

species of life have descended over time 
from common ancestors, and proposed 
the scientific theory that this branching 
pattern of evolution (the "tree of life'' 

resulted from a process that he called 
natural selection." Darwin is considered by many to 
be one of the most influential figures in human his
tory. "Although it is commonly assumed that Darwin 
had nothing to say about microbes, he did in fact 
say quite a lot. He included microbes in his Beagfeh 
studies of the geographic distribution of organisms 
and used microscopic organisms as explicit exem
plars of how adaptation did not imply increasing 
complexity. Darwin often discussed microorganismal 
classification, origins, and experimentation in his 
correspondence. [HoweverJ Darwin's impact on mi
crobiological thinking of the late nineteenth century 
was negligible.'' (O'Malley MA. T181Jds Mlcroblol. 
2009;17{8):341-347.) 

The current "tree of life" (Fig. 3-18) consists of thr~ 
major domains of organisms, each of which arose separately 
from an ancestor with poorly developed genetic machinery. 
often called a progenote. 

DETERMINING RELATEDNESS AMONG 
ORGANISMS 

How do scientists determine how closely related one or
ganism is to another? The most widely used technique for 
gauging diversity or relatedness is called rRNA sequencing. 

SAn alternate theory, known as intelligent design, argues that 
"certain features of the universe and of living things are best 
explained by an intelligent cause, not an undirected process such 
as natural selection" (as defined by the Discovery Institute). The 
intelligent design theory implies the existence of a "designer" 
or "creator." According to Wakipedia, "intelligent design is seen 
as a pseudoscience in the scientific community, because it lacks 
empirical support, supplies no tentative hypotheses, and resolves 
to describe natural history in terms of scientifically untestable 
supernatural causes." 
hRefers to the HMS Beagle, the ship upon which Darwin sailed 
in the 1830s, dwing which time he was developing his theory of 
evolution by natural selection. 
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Figure 3-17. Chartes Darwin. (Provided by Sciencebuzz.org.) 

Ribosomes are made up of two subunits: a small subunit 
and a large subunit. The small subunit contains only one 
RNA molecule, which is referred to as the "small subunit 
rRNN' or SSUrRNA. The SSUrRNA in prokaryotic ri
bosomes is a 16S rRNAmolecule, whereas the SSUrRNA 
in eukaryotes is an 18S rRNA molecule. (The "S" in 16S 
and 18S refers to Svedberg units, which were discussed 
earlier.) The gene that codes for the 16S rRNA molecule 
contains about 1,500 DNA nucleotides, whereas the gene 
that codes for the 18S rRNAmolecule contains about 2,000 
nucleotides. The sequence of nucleotides in the gene that 
codes for the 16S rRNAmolecule is called the 16S rDNA 
sequence. To determine "relatedness," researchers compare 
the sequence of nucleotide base pairs in the gene, rather 
than comparing the actual SSUrRNA molecules. If the 
16S rDNA sequence of one prokaryotic organism is quite 
similar to the 16S rDNA sequence of another prokaryotic 
organism, then the organisms are closely related. The less 
similar the 16S rDNA sequences in prokaryotes (or the 
18S rDNA sequences in eukaryotes), the less related are 
the organisms. For example, the 18S rDNA sequence of a 
humanismuchmoresimilarto the 18S rDNAsequence of 
a chimpanzee than to the 18S rDNA sequence of a fungus. 

rRNA can be used not only for taxonomic purposes, 
but also in the clinical microbiology laboratory to identify 
pathogens. Microorganisms are identified by comparing 
the rRNA gene sequences that are recovered from clin
ical specimens with sequences contained in high-quality 
reference databanks. 
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Phylogenetic: Tree of Life 

Bacteria Archae a Eucarya 

Green 
Fll;amafltou~;. 

Spl.-o hatJis; bacb:ri-11 
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Entamoeb.ae Anlm.al la 

~llilth~nos;u-dr:~OII Fungi 
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Pllantae 
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Figure 3-18. Simplified venion of the phylogenetic trM of life. The exact Nlationships of the thl98 domains are still being de
bated, as is the position of the root of the we. (A discussion of all of the various branches on the tree of life is beyond the scope of this 
book. Students wishing to team more about the branches should utilize an Internet seareh engine.) (Provided by NASA and Wlktmedla.) 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look: Asexual versus Sexual Reproduc

tion; Life Cycles; Eukaryotic Cell Reproduction 
(Mitosis and Meiosis) 

• The Origin of Mitochondria and Chloroplasts 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

? 
• SeH-Assessment 

Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Molecules of extrachromosomal DNA are also 
known as: 
a. Golgi bodies 
b. lysosomes 
c. plasmids 
d. plastids 

2. A bacterium possessing a tuft of flagella at one 
end of its cell would be called what kind of 
bacterium? 
a. amphitrichous 
b. lophotrichous 
c. monotrichous 
d. peritrichous 

3. One way in which an archaean would differ from a 
bacterium is that the archaean would possess no: 
a. DNA in its chromosome 
b. peptidoglycan in its cell walls 
c. ribosomes in its cytoplasm 
d. RNA in its ribosomes 

4. Some bacteria stain Gram-positive and others stain 
Gram-negative as a result of differences in the 
structure of 1heir: 
a. capsule 
b. cell membrane 
c. cellwall 
d. ribosomes 

5. Of the following, which one Is not found In 
prokaryotic cells? 
a. cell membrane 
b. chromosome 
c. mitochondria 
d. plasmlds 



8. The Three-Domain System of Classification is based 
on dltrerwu:es In which of the folowing molecules? 
a. mRNA 
b. peptidoglycan 
c. rRNA 
d. tRNA 

7. Which of the following Is In the correct sequence? 
a. Kingdom, Class, Division, Order, Family, Genus 
b. Kingdom, Division, Class, Order, Family, Genus 
c. Kingdom, Division, Order, Class, Family, Genus 
d. Kingdom, Order, Division, Class, Family, Genus 

8. Which one of the following is never found in 
prokaryotic cells? 
a. flagella 
b. capsule 
c. cilia 
d. ribosomes 
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9. The aemlpermeable structure controlling the 
transport of materials between the cell and its 
external environment is the: 
a. cell membrane 
b. cell wall 
c. cytoplasm 
d. nuclear membn:vle 

10. In eulayotlc cells, what are the sites of 
photoayntheels? 
a. m ltochondrla 
b. plasmlda 
c. plastlds 
d. ribosomes 
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CHAPTER OUTLINE 

lntnlduclon Provirus 

CHAPTER 

Artist rendering of a bacteriophaga on 
tfle surface of a bactalial cell. 

Part 1: Viruses and other 
Nonliving, Acellular Micn~bes 

VIruses 

Ebola and Zika Viroses 
Antiviral Agents 
Bacteriophages 

Part 2: Bacteria and Oilier 
Prokaryotic Microbes 

The Domain Bacteria 
Characteristics 

Origin of Viruses 
Animaf Viroses 

Giant Viroses of Amebae 
Plant Viruses 

Unique Bacteria 
Photosynthetic Bactetia 

Latent Vlius Infections 
Oncogenic Viruses 
Human Immunodeficiency Virus 

LEARNING OBJECTIVES 

Viroids 
Prions 

After studying this chapter, you should be able to: 

• Describe the characteristics used to classify viruses 
(e.g., DNA vs. RNA} 

• List 1iva specific properties of viruses that distinguish 
them from bacteria 

• List at least three important viral diseases of humans 
• Discuss differences between proviruses, viroids and 

prions, and the diseases they causa 
• List various Wa:fS in which bacteria can be classified 
• State the three purposes of fixation 
• De1ine the terms diplococci, streptococci, 

staphylococci, tetrad, octad, coccobacilli, diplobacilli, 
streptobacilli, and pleomorphism 

The Domain Arohaea 
Summary 

• De1ine1he1erms obligate aerobe, microaerophile, 
facultative anaerobe, aerololeranl anaerobe, obligate 
anaerobe, and capnophile 

• State kay differences among rickettsias, chlamydias, 
and mycoplasmas 

• Identify several important bacterial diseases of 
humans 

• State several ways in which archaea diller 1rom 
bacteria 
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INTRODUCTION 

Imagine the excitement that Anton van Leeuwenhoek 
experienced as he gazed through his tiny glass lenses 
and became the first person to see live microbes. In 
the years that have followed his eloquent accounts, 
written in the late 17th century to early 18th century, 
of the bacteria and protozoa that he observed, tens of 
thousands of microbes have been discovered, described, 
and classified. In this chapter and the next, you will be 
introduced to the diversity of form and function that 
exists in the microbial world. 

As you will recall, microbiology is the study of microbes, 
most of which are too small to be seen by the naked eye. 
Microbes can be divided into those that are truly cellular 
(bacteria, archaea, algae, protozoa, and fungi) and those 
that are acellular (viruses, viroids, and prions). The cellular 
microorganisms can be subdivided into those that are pro
bryotic (bacteria and archaea) and those that are eukaryotic 
(algae, protozoa, and fungi). For a variety of reasons, acellular 
microorganisms are not considered by most scientists to 
be living organisms. Thus, instead of being designated by 
the term microorganisms, viruses, viroids, and prions are 
more correctly referred to as acellular microbes, nonliving 
microbes, or infectious particles. 

PART 1: VIRUSES AND OTHER NONLIVING, 
ACELlULAR MICROBES 

Viruses 
Complete virus particles, called virirms, are very small 
and simple in structure. Most viruses range in size from 
10 to 300 run in diameter, although some-like Ebola 
virus----<:an be up to 1 pm in length. The smallest virus 
is about the size of the large hemoglobin molecule of a 
red blood cell. Scientists were unable to see viruses until 
electron microscopes were invented in the 193 Os. The first 
photographs of viruses were obtained in 1940. A negative 

l
, Viruses are ex

tremely small. 
They are observed 
using electron 
microscopes. 

staining procedure, developed in 
1959, coupled with transmission 
electron microscopy, revolution
ized the study of viruses, making 
it possible to observe unstained 

,.~ viruses against an electron-dense, 
dark background. 

No type of organism is safe from viral infections; vi
ruses infect humans, animals, plants, fungi, protozoa, algae, 
and bacterial cells (Table 4-1). Many human diseases are 
caused by viruses (refer back: to Table 1-1). Many of the 
viruses that infect humans are shown in Figure 4-1. Some 
..---------. .., viruses---called oncogenic viruses 

Viruses are not alive. or oncoviruses-cause specific types 
To replicate, viruses of cancer, including human cancers 
must invade live 
host cells. such as lymphomas, carcinomas, 
~-------·.; and some types oflC11Umia. 

Relative Sizes and Shapes of 
Some Viruses 

Nucleic Size Range 
Viruses Acid'IWJe Shape (nm) 

Animal viruses 
Vaccinia DNA Complex 200 X 300 
Mumps RNA Helical 150-250 
Herpes simplex DNA Polyhedral 101H50 
Influenza RNA Helical 80-120 
Retroviruses RNA Helical 100-120 
Adenoviruses DNA Polyhedral 60-90 
Retroviruses RNA Polyhedral eo-eo 
Papovavlruses DNA Polyhedral 40-60 
Pollovlruses RNA Polyhedral 28 

Plant viruses 
Turnip yellow RNA Polyhedral 28 

mosaic 
Wound tumor RNA Polyhedral 55-60 
Alfalfa mosaic RNA Polyhedral 18 X 36-40 
Tobacco RNA Helical 18 X 300 

mosaic 

Bacteriophages 
T2 DNA Complex 65 X 210 
L DNA Complex 54 X 194 

...... 
Fx·174 DNA Complex 25 

V.ttuses are said to have five specific properties that 
distinguish them from living cells: 

• The vast majority of viruses possess eithtr DNA or RNA, 
unlilre living cells, which possess both. 

• They are unable to replicate (multiply) on their own; 
their replication is directed by the viral nucleic acid once 
it has been introduced into a host cell. 

• Unlike cells, they do not divide by binary fission, mitosis, 
or meiosis. 

• They lack the genes and enzymes necessary for energy 
production. 

• They depend on the ribosomes, 
enzymes, and metabolites 
("building blocksj of the host 
cell for protein and nucleic acid 
production. 

A typical virion consists of a 
genome of either DNA or RNA, 
surrounded by a capsid (protein coat), 
which is composed of many small 
protein units called ~(or 
capsomers). Together, the nucleic 
acid and the capsid are referred to 
as the nucleocapsid (Fig. 4-2). Some 
viruses (called enveloped viruses) 
have an outer envelope composed 
of lipids and polysaccharides 
(Fig. 4-3). Bacterial viruses may 
also have a tail, sheath, and tail 

Except in very rare 
cases, a particular 
virus contains either 
DNA or RNA-not 
botl'l. 

..... _______ ) 

(-

The simplest of 
human viruses 
consists of nothing 
more than nucleic 
acid surrounded 
by a protein coat 
(the capsid). The 
capsid plus the en
closed nucleic acid 
is referred to as the 
nucleocapsid. , ..... _______ ., 
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Figure 4-1. Some of the viruses that infect humans. Note that some viruses contain RNA, whereas others con
tain DNA, and that the nucleic acid that they possess may either be single- or double stranded. Within the host cell, 
single-stranded positive-sense RNA functions as messenger RNA (mRNA), whereas single-stranded negative-sense 
RNA serves as a template for the production of mRNA. Some of the viruses possess an envelope, whereas others do 
not. (Redrawn from Engleberg NC, et al. Schaechter's Mechanisms of Microbial Diseases. 4th ed. Philadelphia, PA: 
Upplncott Williams & Wilkins; 2007 .) 

C&paomere Nucleic acid 

B A B 
Figure 4·2. VIral nucleoc:ap•ld•. A. Nucleocapsid of a 
helical virus. B. Nucleocapsid of an Icosahedral virus. (From 
Harvey RA, et al. Lippincott's Illustrated Reviews: Microbiology. 
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

Figure 4-3. Enveloped O'uees. A. Enveloped helical virus. 
B. Enveloped Icosahedral virus. (Redrawn from Harvey RA, 
et al. Lippincott's Illustrated Reviews: Microbiology. 3rd ed. 
Philadelphia, PA: Upplncott Williams & Wilkins; 2013.) 
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fibers. There are no ribosomes for protein synthesis or sites 
of energy production; hence, the virus must invade and take 
over a functioning cell to produce new virions. 

VU"USes are classified by the following characteristics: 

a. type of genetic material (either DNA or RNA), 
b. whether the virus nucleic acid is single stranded or 

double stranded, 
c. whether the virus nucleic acid is positive-sense or 

negative-sense, 
d. shape of the capsid, 
e. number of capsomeres, 
f. size of the capsid, 
g. presence or absence of an envelope, 
h. type of host that it infects, 
i. type of disease it produces, 
j. target cell, and 
k. immunologic or antigenic properties. 

There are four categories of viruses based on the type of 
genome they possess. The genome of most viruses is either 
double-stranded DNA or single-stranded RNAs but a few 
viruses possess single-stranded DNA or double-stranded 
RNA Vual genomes are usually circular molecules, but 
some are linear (having two ends). 

Capsids of viruses have various shapes and symmetry. 
They may be polyhedral (many sided), helical (coiled 
tubes), bullet shaped, spherical, or a complex combination 
of these shapes. Polyhedral capsids have 20 sides or facets; 
geometrically, they are referred to as icosahedrons. Each 
facet consists of several capsomeres; thus, the size of the 
virus is determined by the size of each facet and the nwnber 
of capsomeres in each. Frequently, the envelope around 
the capsid makes the virus appear spherical or irregular in 
shape in elettron micrographs. The envelope is acquired 
by cemin animal viruses as they escape from the nucleus or 
cytoplasm of the host cell by budding (Figs. 4-4 and 4-S). 
In other words, the envelope is derived from either the host 
cell1 nuclear membrane or cell membrane. Apparently, viruses 
are then able to alter these membranes by adding protein 
fibers, spikes, and knobs that enable the virus to recognize 
the next host cell to be invaded. A list of some viruses, 
their characteristics, and diseases they cause is presented in 
Table 4-2. Sizes of some viruses are depicted in Figure 4-6. 

Origin of Viruses 
Vll'Uses have probably existed for as long as bacteria and 
archaea have existed. But where did they come from? This 
is an intriguing question and one that has been debated 
by scientists for many years. Three major theories have 
emerged to explain the origin of viruses. 

1. The "coevolution theory": viruses originated in the pri
mordial soup and coevolved with bacteria and archaea. 
This hypothesis has few supporters. 

2. The "retrograde evolution theory": viruses evolved from 
free-living prokaryotes that invaded other liv.ing organ
isms, and gradually lost functions that were provided by 
the host cell. This theory has little support. 

@ 1be cytoplalmlc domalna al 
m..nbrllne prcalna bind 
muclaocapeldl. 

Nucleocapsid 

~'i) A nucleocap8ld Ia enveloped 
by the hoet cell membrane. 

~) n. h081 eell membrane 
pnwld•hvlnd .._....by 
a proc8l8 or "budding": 

{i} The enveloped vlrton Ia l'llleoecl 
- fran! the hoet cell. 

Figure 4-4. VIrus partfcle becoming enveloped In the pro
cess of budding from a host cell. (Redrawn from Harvey RA, 
et al. Uppincott's 11/ustJated Reviews: Microbiology. 3rd ed. 
Philadelphia, PA: Uppincott Williams & Wilkins; 2013.) 



Figure 4·&. Herpeavlruses acquiring their envelopes as 
they leave a host cell'a nucleus by budding. 1-3. Viruses 
within the nucleus. 4. Virus in the process of leaving the nu· 
claus by budding.&, 8. Viruses that have already acquired their 
envelopes. {From Volk WA, et al. Essentis/s of Medical Microbi
ology. 5th ad. Philadelphia, PA: Uppincott-Raven; 1998.) 

3. The "escaped gene theory": viruses are pieces of host cell 
RNA or DNA tha.thave escaped from Jiving cells and are 
no longer under cellular control. Of the three theories, 
this is currendy the most widely accepted explanation 
for the origin of viruses. 
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The question of whether 
viruses are alive or not depends 
on one's definition of life and is 
thus not easy to answer. However, 
most scientists agree that viruses 
lack most of the basic features of 
cells; thus, they consider viruses 
to be nonliving entities. 

Animal Vlrusu 

( ~ 
Because they are 
not composed of 
cells, viruses are not 
considered to be liv
ing organisms. They 
are referred to as 
acellular microbes or 
Infectious parttcles. 1 

~--------------~ 

Vli'USeS that infect humans and animals are collectively 
refened to as llnim4l viruses. Some animal viruses are DNA 
viruses; others are RNA viruses. Animal viruses may consist 
solely of nucleic acid surrounded by a protein coat {capsid), 
or they may be more complex. For example, they may be 
enveloped or they may contain enzymes that play a role 
in viral multiplication within host cells. The steps in the 
multiplication of animal viruses are shown in Table 4-3. 

The first step in the multiplication of animal viruses 
is llttachmmt {or adsorption) of the virus to the cell. Like 
bacteriophages, animal viruses can attach only to cells 
bearing the appropriate protein or polysaccharide recep
tors on their surface. Did you ever wonder why certain 

Selected Important Groups of Viruses and Viral Diseases 

ViruSTrPe Viral Characteristics Virus Disease 

Poxvlruses Large, brick shape with enve- variola Smallpox 
lope, dsDNA Vaccinia Cowpox 

Polyoma-papilloma dsDNA, polyhedral Papillomavirus Warts 
Polyomavirus Some tumors, some cancer 

Herpesvirus Polyhedral with envelope, Herpes simplex I Cold sores or fever blisters 
dsDNA Herpes simplex II Genital herpes 

varicella-Zoster virus Chickenpox/Shingles 
Adenovirus dsDNA, icosahedral Respiratory infections, pneu-

monia, conjunctivitis, some 
tumors 

Plcornavlruses (the name ssRNA, tiny Icosahedral Rhinovirus Colds 
means small RNA Poliovirus Poliomyelitis 
viruses) Hepatitis type A Coxsackie Hepatitis 

virus Respiratory Infections, 
ECHO virus (enteric cytopathic meningitis 

human orphan) 
Caliciviruses ssRNA, icosahedral Norovirus Gastroenteritis 
Reoviruses dsRNA, icosahedral with Rotavirus Gastroenteritis 

envelope 
Orthomyxcviruses ssRNA, helical with envelope Influenza A, B, and C Influenza 
Paramyxoviruses ssRNA, helical with envelope Respiratory syncytial virus Croup 

Rubeola virus Measles 
Mumps virus Parotitis (mumps) 

Rhabdovirus RNA, bullet shaped, enveloped Lyssavirus Rabies 
Arbovirus Arthropod-bema RNA, cubic Mosquito-borne type B Yellow fever 

Mosquito-borne types A and B Encephalitis (many types) 
Tick-borne, coronavlrus Colorado tick fever 
Zlka virus Rash, birth defects 

Retrovirus ssRNA, helical with envelope RNA tumor virus Tumors 
HTLV Leukemia 
HIV AIDS 

dsDNA, double-stranded deoxyribonucleic acid; HTLV, human T-lymphotropic virus; ssRNA, single-stranded ribonucleic acid. 
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Va 

Figure 4-8. Comparative sizes of virions, their nucleic 
acids, and bactaria. (Redrawn from Davis BD, et al. 
Microbiology. 4th ed. Philadelphia, PA: JB Lippincott; 1990.) 

Animal viruses can ' viruses cause infections in dogs, 
attach to and invade but not in humans, or vice versa? 
only cells bearing Did you ever wonder why cer-
appropriate surface tain viruses cause respiratory 
receptors. infections, whereas others cause 
~-------J gastrointestinal infections? It all 
boils down to receptors. Vlruses can attach to and invade 
only cells that bear a receptor that they can recognize. For 
example, Influenza A virus attaches to sialic acid residues on 

the surface of mucosal cells. Since cells of the respiratory 
tract are rich in sialic acid, influenza infection begins in 
the respiratory tract. 

The second step in the multiplication of animal viruses 
is penetration, where the entire virion usually enters the 
host cell, sometimes because the cell phagocytizes the 
virus (Figs. 4-7 to 4-9) or sometimes by fusion with the cell 
membrane. This necessitates a third step called tmCOIIting, 
whereby the viral nucleic acid escapes from the capsid. 

From this point on, the viral nucleic acid "dictates" 
what occurs within the host cell. The fourth step is bio
synthesis, whereby many viral pieces (viral nucleic acid 
and viral proteins) are produced. This step can be quite 
complicated, depending on what type of virus infected 
the cell (i.e., whether it was a single-stranded DNA virus, 
a double-stranded DNA virus, a single-stranded RNA 
virus, or a double-stranded RNA virus). Some animal 
viruses do not initiate biosynthesis right away but rather 
remain latent within the host cell for variable periods. 
Latent viral infections are discussed in greater detail later 
in this chapter. 

The fifth step---assemb~involves fitting the virus pieces 
together to produce complete virions. After the virus parti
cles are assembled, they must escape from the cell-a sixth 
step called release. How they escape from the cell depends 
on the type of virus that it is. Some animal viruses escape 
by destroying the host cell, leading to cell destruction and 
some of the symptoms associated with infection with that 
particular virus. Other viruses 1 
escape the cell by a process known Animal viruses es-
as budding. VllilSes that escape cape from their host 
from the host cell cytoplasm by cells by either lysis 
budding become surrounded of the cell or bud-

ding. Viruses that 
with pieces of the cell membrane, escape by budding 
thus becoming enveloped viruses. become enveloped 
Whenever you encounter an viruses. 
enveloped virus, you know that '-
it has escaped from its host cell by budding. 

___ ) 
Remnants or collections of viruses, called imlusion 

bodies, are often seen in infected cells and are used as a 
diagnostic tool to identify certain viral diseases. Inclu
sion bodies may be found in the cytoplasm (cytoplasmic 

Steps in the Multiplication of Animal Viruses 

Step Name of Step 

1 Attachment (adsorption) 

2 Penetration 

3 Uncoallng 
4 Biosynthesis 

5 Assembly 
6 Release 

What Occurs during Tbls Step 

The virus attaches to a protein or polysaccharide molecule (receptor) on the surface of 
a host cell 

The entire virus ente~ H1e host cell, In some cases because It was phagocytized by 
H1e cell 

The viral nucleic acid escapes from H1e capsid 
VIral genes are expressed, resulting In the production of pieces or parts of viruses 

(I.e., viral DNA and viral proteins) 
The viral pieces or parts are assembled to create complete virions 
The complete virions escape from the host cell by lysis or budding 

'~-------------------------------------------~ 
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<j) lnvaglnllllon oft._ 
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G) Binding of a vlrua 

® ....._of the virion 
Into cytoplasm 

Figure o6·7. Penetration or a hoet cell by a nonenvelopecl vlru• via endocytosis. (Redrawn from Harvey RA, et al. Upplncott's 
11/ustJated Reviews: Microbiology. 3rd ed. Philadelphia, PA: lippincott Williams & Wilkins; 2013.) 

inclusion bodies) or within the nucleus (intranuclear 
inclusion bodies), depending on the particular disease. 
In rabies, the cytoplasmic inclusion bodies in nerve cells 
are called Negri bodies. The inclusion bodies of acquired 
immunodeficiency syndrome (AIDS) and the Guarnieri 
bodies of smallpO.J: are also cytoplasmic. Cells infected 
with Cytomegalovirus (CMV) demonstrate intranuclear 
inclusion bodies referred to as "owl eyes" (Fig. 4-10). In 
each case, inclusion bodies may represent aggregates or 
collections of viruses. 

Some examples of impomnt human viral diseases 
are AIDS, chickenpox, cold sores, the common cold, 
genital herpes infections, infectious mononucleosis, 
influenza, measles, mumps, and viral encephalitis. In 
addition, all human warts are caused by viruses. These 
viruses and their diseases will be described in greater 
detail in Chapter 18. 

(j) Binding of a virus to a host 
cell membrane receptor. 

Latanl VIRII Infections 
Herpes virus infections, such as cold sores (fever blisters), 
are good examples of latent virus infections. Although the 
infected person is always harboring the virus in nerve cells, the 
cold sores come and go. A fever, stress, or excessive sunlight 
can trigger the viral genes to take over the cells and produce 
more viruses; in the process, cells are destroyed and a cold 
sore develops. Latent viral infections are usually limited 
by the defense systems of the human body-phagocytes 
and antiviral proteins called interferons that are produced 
by virus-infected cells (discussed in Chapter 15). Shingles, 
a painful nerve disease that is also caused by a herpesvi
rus, is another example of a latent viral infection. After a 
chickenpox infection (also called varicella), the virus can 
remain latent in the human body for many years. When 
the body's immune defenses become weakened by old age 
or disease, the latent chickenpox virus resurfaces to cause 

~) Fuelon of viral erwelape with 
,._ hatd cell nanbnlne. 

@ Nucleocepslc:lentera the cell. 

EI'W81opad Host cell 
virus membrane 

~~~ 
Figure o6·8. Penetration of a host cell by an enveloped vlrua. (Redrawn from Harvey RA, et al. Lippincott's Illustrated 
Reviews: Microbiology. 3rd ed. Philadelphia, PA: lippincott Williams & Wilkins; 2013.) Enveloped viruses can also penetrate 
cells by endocytosis. 
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Figure 4·8. Infection of host cella by Herpes simplex virus. Adsorption {A), penetration 
(8-D), and uncoatlng and digestion of the capsid (E-G) of herpes simplex on Hel.a cells, as 
deduced from electron micrographs of Infected cell sections. Penetration Involves local digestion 
of the viral and cellular membranes (B, C), resulting In fusion of the two membranes and release 
of the nucleocapsid Into the cytoplasmic matrix (D). The naked nucleocapsid Is Intact In (E), Is 
partially digested In (F), and has disappeared In (G), leaving a core containing DNA and protein. 
(From Morgan C, et al. Electron microscopy of herpes simplex virus. J Vlrol. 1968;2:507 .) 

Figure 4-1 0. Viral inclusions of cytomegalovirus that are 
refe.Ted to as "owl eyes" (anows). (Provided by the Rosalie 
B. Haraszti, MD and the CDC Public Health Image Library.) 

~------------~, 

l:Drugs used to treat 
viral Infections 
are called antiviral 
agents. 

_J 

Oncagenlc Vltuses 

shingles (also called zoster). The 
virus that causes these syndromes 
is called Varicella-Zoster virus 
(VZV). 

Vtruses that cause cancer are called O'llCogmic vim.res or 
rmcoviruses. The first evidence that viruses cause cancers 
came from experiments with chickens. Subsequently, 
viruses were shown to be the cause of various types of 
cancers in rodents, frogs, and cats. Although the causes 
of many (perhaps most) types of human cancers remain 
unknown, it is known that some human cancers are caused 
by viroses. Epstein-Barr virns (a type of herpes virus) causes 

infectious mononucleosis (not a type of cancer), but also 
three types of human cancers: nasopharyngeal carcinoma, 
Burkitt lymphoma, and B-celllym.phoma. Kaposi sarcoma, 
a type of cancer common in AIDS patients, is caused by 
human herpesvirus 8. Associations between hepatitis Band 
C viruses and hepatocellular (liver) carcinoma have been 
established. Human papillomaviruses (HPV; wart viruses) 
can cause different types of cancer, including cancers of the 
cervix and other parts of the genital tract. A retrovirus that 
is closely related to human immunodeficiency virus (HIV; 
the causative agent of AIDS), 
called human T-lymphotropic ( Virusee that cause "', 
virus type 1 (HTLV-1), causes a 
rare type of adult T -cell leukemia. 
All of the mentioned oncogenic 
viruses, except mv and HTLV-

cancer are known as 
oncogenic viruses 
or oncoviruses. 

~--------------~ 
1, are DNA viruses. InV and HTI..V-1 are RNA viruses. 

Human lmmunadaftc:llllcy VIrus 
HIY, the cause of AIDS, is an enveloped, single-stranded 
RNA vinJsi (Fig. 4-11). It is a member of a genus of viruses 
called lentiviruses, in a family of viruses called Retroviri
dae (retroviruses). Retroviruses possess an enzyme called 
reverse transcriptase that allows the RNA genome of the 
virus to be replicated into a provirus DNA form that can 
be integrated into the host cell genome. Retroviruses are 
characterized by long incubation periods from the onset of 
initial infection to the presentation of disease symptoms. 

HIV is able to attach to and invade cells bearing 
receptors that the virus recognizes. Many of these calls 

"The IDV virion contains two single-stranded RNA molecules. 
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Figure 4-11. Human immunodeficiency viNs (HIV). HIV is 
an enveloped virus, containing two identical single-stranded 
RNA molecules. Each of Its 72 surface knobs contains a 
glycoprotein (designated gp120) capable of binding to a CD4 
receptor on the surface of certain host cells (e.g., T-helper 
cells). The Mstalk. that supports the knob Is a transmembrane 
glycoprotein (designated gp41), which may also play a role 
In attachment to host cells. Reverse transcrlptase Is an RNA
dependent DNA polymerase. (Redrawn from Harvey RA, 
et al. Llpplncott's Illustrated Reviews: Microbiology. 3rtl ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

l
AIDS Is caused by a .., are part of ~e immune system. 
single-stranded RNA The most _unpo~t of these 
virus known as HIV. receptors ts destgnated CD4, 

.J and cells possessing that receptor 
are called CD4 + cells. The most 

important of the CD4 + cells is the helper T cell (discussed 
in Chapter 16). mv infections destroy these import:mt 
cells, thereby weakening the immune system and making 
the infected person susceptible to opportunistic infections. 

Provirus 
& already mentioned, some viruses such as HIV (retroviruses) 
and some DNA viruses are capable of inserting the viral ge
nome into the host cell DNA In this case, the viral genome 
is referred to as a provirus. This process allows the virus 
to cause a latent infection and to avoid causing an immune 
response that may eliminate the virus. The viral genome is 
replicated with the host cell genome during cell division and 
can remain latent through many host cell generations. Later, 
the provirus can exit the host cell genome to undergo viral 
replication. It has been estimated that up to 8% of the human 
genome may exist in the fonn of endogenous retroviruses. 

Ebata and Zika Vin.tses 
In recent ye-ars, two viruses have caused concerns throughout 
the world because of their high mortality (Ebola virus) or 

Chapter 4 • Acellular and Prokaryotic Microbes 51 

Figura 4-12. Digitally colorizaclacaming electron 
micrograph of Ebola vin..s, the cause of Ebola hamonhagic 
fever. Ebcla viruses, shown here in rad, have a cylindrical shape 
and can reach lengths of 800 to 1,000 nm or greater. (Provided 
by the National Institute of Allergy and Infectious Diseasas and 
the CDC.) 

their ability to cause serious birth defects (Zika virus). Ebola 
virus is a thread-shaped virus (Fig. 4-12) that is thought 
to cross over from bats to infect humans. An outbreak of 
Ebola hemorrhagic fever in Western Africa in 2014 to 
2015 infected more than 28,000 people and caused over 
11,000 deaths. Some cases were imported into the United 
States and other countries, causing widespread concern of 
a worldwide pandemic. More recendy, Zika virus, which 
is transmitted by mosquitoes, has spread into the Ameri
cas from Micronesia and has been responsible for a large 
number of birth defects. Both viruses will be covered in 
more detail in Chapters 11 and 18. 

Antiviral Agents 
In recent years, a number of chemicals-called antiviral 
agents-have been developed to interfere with virus-specific 
enzymes and virus production by either disrupting critical 
phases in viral replication cycles or inhibiting the synthesis 
of viral DNA, RNA, or proteins. 

Antibiotics that function by inhibiting certain metabolic 
activities within prokaryotic and eukaryotic pathogens have 
no activity against viruses since they are not cells. However, 
for certain patients with colds and 
influenza, antibiotics may be pre-

b d Drugs used to treat 
scri e in an attempt to prevent viral infections 
secondary bacterial infections that are called antiviral 
might follow the virus infection. agents. 
Antibiotics and antiviral agents '-------' 
are discussed further in Chapter 9. 

Bacteriophages 
Like animal cells, bacteria can also be infected by viruses, 
called b~~Ctn'Wphages (or simply phages). Like all viruses, 
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they are obligate intracellular pathogens, in that they 
must enter a cell to replicate. There are three categories 
of bacteriophages, based on their shape: 

Icosahedral 

• Icosahedron bacteriophages: an almost spherical shape, 
with 20 triangular facets; the smallest icosahedron phages 
are about 25 n.m in diameter. 

• Filamentous bacteriophages: long tubes formed by capsid 
proteins assembled into a helical structure; they can be 
up to about 900 nm long. 

• Complex bacteriophages: icosahedral heads attached to 
helical tails; they may also possess base plates and tail :fibers. 

The viruses that Like animal viruses, bacte-
infect bacteria are riophages can be categorized by 
known as bacterio- the type of nucleic acid that they 
phages (or simply, possess; there are single-stranded 
phages). DNA phages, double-stranded 

________ . .; DNA phages, single-stranded 

RNA phages, and double-stranded RNA phages. From 
this point, only DNA phages will be discussed. 

Bacteriophages can also be categorized by the events 
that occur after invasion of the bacterial cell: some are 
virulent phages, whereas others are temperate phages. 
Phages in either category do not actually enter the bacterial 
cell-rather, they inject their nucleic acid into the cell. It is 
what happens next that distinguishes virulent phages from 
temperate phages. 

VtrUlmt baaeriopht~ges always 
cause what is known as the lytic eycle, 
which ends with the destruction 
(lysis) of the bacterial cell. For 
most phages, the whole process 
(from attachment to lysis) takes 
less than 1 hour. The steps in the 

Once H enters a host 
cell, a virulent bac
tertophage always 
initiates the lytic 
cycle, which results 
in the destruction of 
the cell. 

..J lytic cycle are shown in Table 4-4. 
The replicative cycle of bacteriophages is very similar 

to that of animal viruses except that bacteriophages do not 
actually enter the host cell, but rather inject their nucleic 
acid into the cell. 

The first step in the lytic cycle is IJttacbmmt (adsorption) 
of the phage to the surface of the bacterial cell The phage 
can only attach to bacterial cells that possess the appropriate 
receptor-a protein or polysa.cch.aride molecule on the surface 
of the cell that is recognized by a molecule on the sur&.ce of 

the phage. Most bacteriophages are 
species-and strain specific, meaning 
that they only infect a particular 
species or strain ofbacteria. Those 
that infect Escherichia coli are called 
coliphages. Some bacteriophages 
can attach tn more than one species 

f .... , 
Bacteriophages can 
attach only to bac
teria that possess 
surface molecules 
(receptors) that can 
be recognized by 
molecules on the 

of bacterium. Figure 4-13 shows .._ phage surface. 

numerous bacteriophages attached 
to the surface of bacterial cells. 

As mentioned, the second step in the lytic cycle is called 
pmetmtirm. In this step, the phage injects its DNA into the 
bacterial cell. acting much like a hypodermic needle (F.g. 4-14). 
From this point on, the phage DNA "dictates" what occurs 
within the bacterial cell. This is sometimes described as the 
phage DNA taking over the host cell! "machinery." 

Figure 4·13. A. A partially lysed cell of a Vibrio cholerae 
bacterium, with many attached virions of phage CP-n. 
B. Numerous bactertophages attached to a bacterial cell. 
(Courtesy of R.W. Taylor and J.E. Ogg, Colorado State 
University, Fort Collins, CO.) (Provided by Dr. Graham Beards, 
Graham Colm, and Wikipedia.) 

Steps in the Multiplication of Bacteriophages (Lytic Cycle) 

Step Name of Step 

1 Attachment 
(adsorption) 

2 Penetration 

3 Biosynthesis 

4 Assembly 
5 Release 

What Occurs during Tbla Step 

The phage attaches to a protein or polysaccharide molecule (raceptor) en the surface of the 
bacterial cell 

The phage injects its DNA into the bacterial cell; the capsid remains on the outer surface of 
the cell 

Phage genes are expressed, rasultlng In the production of phage pieces or parts (I.e., phage 
DNA and phage proteins) 

The phage pieces or parts are assembled to create complete phages 
The complete phages escape from the bacterial cell by lysis of the cell 



A 

B 
Figure 4-14. Bacteriophage structures. A. The bacterio
phage T41s an assembly of protein components. The head Is a 
protein membrane with 20 facets, fllled with DNA. It Is attached 
to a tail consisting of a hollow core surrounded by a sheath and 
based on a spiked end plata to which six fibers are attached. 
B. Following attachment to a host cell, the sheath contracts, driv
ing the core through the cell wall, and viral DNA enters the cell. 

The third step in the lytic cycle is called biosynthesis. It 
is during this step that the phage genes are expressed, re
sulting in the production (biosynthesis) of viral pieces. It is 
also during this step that the host cell's enzymes (e.g., DNA 
polymerase and RNA polymerase), nucleotides, amino acids, 
and ribosomes are used to make viral DNA and viral proteins. 

In the fourth step of the lytic cycle, called IISSembly, 
the viral pieces are assembled to produce complete viral 
particles (virions). It is during this step that viral DNA is 
packaged up into capsids. 

The final step in the lytic cycle, called nkase, is when 
the host cell bursts open an.d all of the new virions (about 
50-1,000) escape from the cell. Thus, the lytic cycle ends 
with lysis of the host cell. Lysis is caused by an eneyme (re
ferred to as an endolysin) that is coded for by a phage gene. 
At the appropriate time-after assembly-the appropriate 
viral gene is expressed, the enzyme is produced, an.d the 
bacterial cell wall is destroyed. With certain bacteriophages, 
a phage gene codes for an eneyme that interferes with cell 
wall synthesis, leading to weakness and, finally, collapse of 
the cell wall. The lytic cycle is summarized in Figure 4-15. 
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Figure 4-15. Summary of 1he lytic process. (Redrawn from 
Harvey RA, et al. Lippincott's Illustrated Reviews: Microbiology. 
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 
(An animated version of this ftgure can be found on ..... l?tlinl.) 
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Unlike virulent 
bacteriophages, 
temperate bacte
riophages do not 
immediately initiate 
the lytic cycle. Their 
DNA can remain 
Integrated Into the 
host cell's chromo
some for generation 
after generation. 

The similarities and differences 
between bacteriophage and animal 
virus multiplication are summa
rized in Table 4-5. 

The other category ofbacte
riophages-tempmm phages (also 
known as lysogenic phages )-do not 
immediately initiate the lytic cycle, 
but rather, their DNA remains 
integrated into the bacterial cell 
chromosome, generation after 
generation. S.imilar to proviruses 

described earlier in the chapter, the bacteriophage genome 
is referred to as a prophage. Temperate bacteriophages are 
discussed further in Chapter 7. 

Bacteriophages are involved in two of the four major 
ways in which bacteria acquire new genetic informa
tion. These processe~ed lysogenic conversion and 
transduction-are discussed in Chapter 7. 

Because bacteriophages destroy bacteria, there has 
been much speculation and experimentation through
out the years regarding their use to destroy bacterial 
pathogens and treat bacterial infections. The earliest 
research of this nature was conducted in 1919, but ended 
when antibiotics were discovered in the 1940s. Since the 
emergence of multidrug-resistant bacteria ("super bugs"), 
research into the use of bacteriophages to treat bacterial 
diseases has been renewed. Additionally, bacteriophage 
eneymes that destroy cell walls or prevent their syn
thesis are currently being studied for use as therapeutic 
agents. Currently, phage-based treatments of patients 
are not authorized in the United States, but the Food 
and Drug Administration (FDA) has approved the use 
of a phage mixture to use on certain foods to prevent 
Listeria contamination. It is possible that, in the future, 
certain bacterial diseases will be treated using orally ad
ministered or injected pathogen-specffic bacteriophages 
or bacteriophage enzymes. 

Step 

Attachment 
Penetration 

UncoaUng 
Blosyn1hesls 
Assembly 
Release 

Bacteriophages 

Yes 
Yes, but only by the 

phage nuclefc acid 
No (unnecessary) 
Yes 
Yes 
Yes, by lysis of Ute 

host cell 

Animal Viruses 

Yes 
Yes, by Ute entire 

virion 
Yes 
Yes 
Yes 
Yes, either by 

budding or by 
lysis of the host 
cell 

HISTORICAL 
NOT 
The Discovery and 
Therapeutic Use of 
Bacteriophages 

Bacteriophages were 
discover8d independently 
by Frederick Twort in 1915 
and Felix d'Heralle in 1917. 
It was d'Herelle and his 

collaborators who coined the 
tenn "bacteriophage" (phagain is Greek for devour), 
and first used bacteriophages 1herapeutically. 
During the next 20 years or so, there were hundreds 
of published reports-many of which were 
controversial-concerning the use of bacteriophages 
to treat bacterial infections in humans and animals. 
Interest in phage therapy started to decline around 
the time 1hat antibiotics were discovered. However. 
the emergence of multidrug-resistant bacteria has 
rekindled interast in phage therapy. 

Giant Viruses Of Ameble 
In 2003, an extremely large double-stranded DNA virus, 
called Mimivi.rus, was recovered from amebas. The virus 
was given the name Mimi virus because it "mimics" bacte
ria. It is so large that it can be observed using a standard 
compound light microscope. The Mimivirus particle has a 
7 -om-thick: capsid with a diameter of 7 50 nm. An array of 
80- to 125-nm-long closely packed fibers project outward 
from the capsid sur&ce (Fig. 4-16). Within the capsid, its 
DNA is surrounded by two 4-nm-thick lipid membranes. 
Its genome is at least 10 times larger than that of the large 
viruses in the smallpox family and larger than the genome 
of some of the smallest bacteria. It is thought to possess 
close to 1,000 genes. Some of its genes code for functions 
that were previously thought to be the exclusive province 
of cellular organisms, such as the translation of proteins and 
DNA repair enzymes. Mimivirus contains several genes for 
sugar, lipid, and amino acid met2bolism. And, unlike most 
DNA viruses, Mi.mivi.rus contains some RNA molecules. 
A limited number of reports suggest that Mimivirus may 
be the cause of some cases of human pneumonia. 

Since the discovery of Mimivirus, numerous other 
giant viruses have been isolated using ameba co cultivation 
techniques.hThey are proposed to be placed in a new viral 
order called the Megaviridae. Pandoravirus is the largest 
discovered so far, almost twice as large as Mimivirus and 
a genome that is capable of encoding over 2,000 genes 

"Ahem Setal. Giant viruses of amoebas: an update. Fnmt Mi
crobiol. 2016;7:349. 



Inner membranes 

Core 

Figure 4-t8. Mlmlvlrua etructure. The Mlmlvlrus virion 
consists of a double-stranded DNA core, surrounded by two 
lipid membranes and a protein capsid. Numerouslibrils extend 
outward from the capsid surface. (Provided by Xanthine and 
Wikipedia.) 

(Fig. 4-17). Some of the giant viruses have been recovered 
from human samples, but their role in causing infections 
is still considered controversial. There is much more to be 
discovered with this fascinating group of viruses. 

Plant Viruses 
More than 1,000 different viruses cause plant diseases, includ
ing diseases of citrus trees, cocoa trees, rice, barley, tobacco, 

Figure 4-t 7. Dlgftally colorized Pandoravns. (Photo by 
Giovanni Cancemi.) 
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turnips, cauliflower, potatoes, tomatoes, and many other 
fruits, veget2bles, trees, and grains. These diseases result in 
huge economic losses, estimated to be in excess of$70 billion 
per year worldwide. Plant viruses are usually transmitted 
via insects (e.g., aphids, leafhoppers, and whiteflies); mites; 
nematodes (roundwonns); infected seeds, cuttings, and tu

bers; and contmninated tools (e.g., hoes, clippers, and saws). 
Collectively, these conditions are referred to as "trans

missible spongiform encephalopathies" (fSE) on .J ~Poi.rtt 

Vlrolds 
Although viruses are extremely small nonliving infectious 
agents, viroids and prions are even smaller and less complex 
infectious agents. Vwoidr consist of short, naked fragments of 
single-stranded RNA (about 300-400 nucleotides in length) 
that can interfere with the metabolism of plant cells and 
stunt the growth of plants, sometimes killing the plants in 
the process. They are transmitted between plants in the same 
manner as viruses. Plant diseases 
thought or known to be caused r Viroids are infectious 

1 

by viroids include potato spindle RNA molecules that 
tuber (producing small, cracked, cause a variety of 
spindle-shaped potatoes), citrus ... plant diseases. 
exocortis (stunting of citrus trees), 

) 

and diseases of chrysantb.emwns, coconut palms, and toma
toes. Thus &r, no animal diseases have been discovered that 
are caused by viroids. 

STUDY AID 
Beware of Similar-Sounding 
Terms 
A virion is a complete viral particle 
O.e., one that has all Its parts, Including 
nucleic acid and a capsid). A viroid is an 
infectious RNA molecule. 

Prlons 

Prions (pronounced "pree-ons") are small infectious pro
teins that cause fatal neurologic diseases in animals and 
humans in which the brain becomes riddled with holes 
(becomes sponge-like). Prions are thought to be transmit
ted by consumption of fuod contaminared with the agent. 
Table 4-6 lists disease syndromes that have been associated 
with prions. All these diseases are untreablble and &tal and 
are collectively referred to as "transmissible spongiform en
cephalopathies" (fSE). The human prion diseases of kum, 
Creutzfeldt-Jakob disease (CJD) and Gerstmann-Striiussler
Scheinker syndrome involve loss of coordination and dementia. 
Dementia, a general mental deterioration, is characterized by 
disorientation and impaired memory, judgment, and intellect. 

The 1997 Nobel Prize for Physiology or Medicine was 
awarded to Stanley B. Prusiner, the scientist who coined 
the term prion and studied the role of these proteinaceous 
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Prlon Disease In Humans 

Creutzfeldt-Jakob disease 
Vartant Creutzfeldt-Jakob disease 
Gerstmann-Str!l.ussler-schelnker syndrome 
Fatal familial insomnia 
Kuru 

infectious particles in disease. The mechanism by which prions 
cause disease remains a mystery, although it is known that 
prions convert normal protein molecules into nonfunctional 
ones by causing the nonnal molecules to change their shape. 
The functional role of these proteins in their native state is 
not cutTendy known. It is believed that the unfolding of the 
protein causes cell damage with the resulting sponge-like 
appearance of brain tissue. Interestingly, no .inBa.mmatory 
response typical of an infectious process occurs with TSE. 

Scientists continue to investigate the link between "mad 
cow disease" and a form ofCreutzfeldt-Jakob disease (called 
variant CJD or vCJD) in humans. As of March 2011, 224 
cases ofvCJD had been diagnosed worldwide, including 175 
in the United Kingdom; these cases probably resulted from 
eating prion-infected beef. The catde may have acquired 
the disease through ingestion of catde feed that contained 
ground-up parts of prion-infected sheep. 

Of all infectious agents, prions are believed to be the most 
resistant to destruction. They retain their infectivity after 
treatment with disinfectants and heat. Only prolonged expo
sure to sodium hydroDde has been demonstrated to inactivate 
prions. Great care must be taken by health care personnel 

-.. when encountering patients with 
Prien~ are infectious suspected TSE, especially pathologists 
protein molecu~s performing autopsies involving the 
that ~use a var1ety manipulation of the brain or eyes 
of am"?al and hu- since these are the tissues with the 
man d1seases. hi h . f . ... _______ J g est concentranon o pnons. 

HISTORICAL 
NOTE 

Kuru 

Kuru is a disease that was once common 
among natives in Papua, New Guinea, 

where women and children ate human 
brains as part of a traditional burial cus
tom (ritualistic cannibalism). If the brain of 
the deceased person contained prtons, 
then persons who ate that brain devel-

oped kuru. Since the practice of ritual canni
balism was halted more than 50 years ago, kuru has 
nearly disappeared. 

Prton Disease In Animals 

Scrapie 
Bovine aponglfonn encephalopathy 
Chronic wasting disease 
Transmissible mink encephalopathy 
Feline spongiform encephalopathy 
Ungulate spongifcrm encephalopathy 

PART 2: BACTERIA AND OTHER 
PROKARYOTIC MICROBES 

1be Domain Bacteria 

Characteristics 
Recall from Chapter 3 that there are two domains of pro
karyotic organisms: Domain BtKteri/1 and Domain.Anhaea. 
The bacteriologist's most important reference (sometimes 
referred to as the bacteriologist's "bible") is a five-volume set 
of books entided Bergey's Mmmal ofSystemtztic Baamology 
(Bergey!!-Mflmllll for short), which is cutTendy being rewrit
ten. (An oudine of these volumes can be found in Appendix 
2 on th~Point: "Phyla and Medically Significant Genera 
Within the Domain Bacterill.j When all five volumes have 
been completed, they will contain descriptions of more than 
5,000 validly named species of bacteria. With the advent 
of molecular methods and whole genome sequencing, 
some authorities believe that this number represents only 
from less than 1% to a few percent of the total number of 
bacteria that exist in nature. 

According to Bergey's Manual, the Domain BIICterill 
contains organisms that are broadly divided into three 
phenotypic categories (i.e., categories based on their 
physical characteristics): (a) those that are Gram-negative 
and have a cell wall, (b) those that are Gram-positive and 
have a cell wall, and (c) those that lack a cell wall. (The 
terms Gram-positive and Gram-negative are explained in 
a subsequent section of this chapter.) Using computers, 
microbiologists have established numerical tamnomy sys
tems that help not only to identify bacteria by their physical 
characteristics but also to establish how closely related 
these organisms are by comparing the composition of their 
genetic material and other cellular characteristics. (Note: as 
previously mentioned, throughout 
this book. the term "to identify ( A bacterium's 
an organism" means to learn the 
organism's species name.) 

Many characteristics of bacteria 
are examined to provide data for 
identification and classification. 
These characteristics include 
cell shape and morphologic 
arrangement, staining reactions, 
motility, colony morphology, 
atmospheric requirements, 

Gram reaction 
(Gram-positive or 
Gram-negative), 
basic cell shape, 
and morphologic 
arrangement of 
the cells are very 
important clues 
to the organism's 
identification. I 

-----' ...... 



nutritional requirements, biochemical and metabolic 
activities, specific enzymes that the organism produces, 
pathogenicity (the ability to cause disease), and genetic 
composition. 

Cell Mo1phology. With the compound light microscope, 
the size, shape, and morphologic arrangement of various 
bacteria are easily observed. Bacteria vary greatly in size, 
usually ranging from spheres measuring about 0.2 pm in 
diameter to 1 0.0-pm-long spiral-shaped bacteria, to even 
longer filamentous bacteria. As previously mentioned, 
the average coccus is about 1 pm in diameter, and the 
average bacillus is about 1 p.m. wide X 3 pm long. Some 

...., unusually large bacteria and un-
The three general usually small bacteria have also 
shapes of bacteria been discovered (discussed later). 
are round (coccO. There are three basic shapes 
rod-shaped (bacilli), of bacteria (Fig. 4-18): (a) round 

,__an_d_s_p_ir_al_-s_h_aped __ · _.J or spherical bacteria-the cocci 

Bacteria reproduce 
by binary fission. 
The time it takes for 
one bacterial cell to 
split into two cells 

...., (sing., cocm.r); (b) rectangular or 
rod-shaped bacteria-the bacilli 
(sing., bacillus); and (c) curved and 
spiral-shaped bacteria (sometimes 
referred to as spirilla). 

Recall from Chapter 3 that 

organism's genera- bacteria divide by binary fission-
tlon time. one cell splits in half to become 

is referred to as that 

... _______ .) two daughter cells. The time it 

ta1res for one cell to split into two cells is referred to as 
that organism's generation time. After binary fission, the 
daughter cells may separate completely from each other 
or may remain connected, forming various morphologic 
arrangements. 

Cocci may be seen singly or in pairs (tliplococa), chains 
(stnptoaJ«t), clusters (ttaphyl«oca), paclrets of four (tetmd.r), 
or packets of eight (oaadr), depending on the particular 
species and the manner in which the cells divide (Figs. 
4-19 and 4-20). Examples of medically important cocci 

Cocci 

CeiiShapea 

Curved and spiral· 
shaped 

@ 
Bacilli 

Figure 4·18. Categortee of bacteria baaed on the shape of 
their cells. (Redrawn from Cohen BJ. Memmler's The Human 
Body In Health and Disease. 11th ed. Philadelphia, PA: Uppln
cott Williams & Wilkins; 2009.) 
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STUDY AID 
Bacterial Names Sometimes 
Provide a Clue to Their Shape 

If ~coccus• appears in the name of a 
bacterium, you automatically know 
the shape of the organism-spherical. Exam-
ples include genera such as Enterococcus, 
Micrococcus, Paptostreptococcus, Staphylococcus, 
and Streptococcus. However, not all cocci have 
"coccus" in their names {e.g., Neisseria spp.). If 
"bacillus" appears In the name of a bacterium, you 
automatically know the shape of the organism-rod
shaped or rectangular. Examples include genera 
such as Actinobacillus, Bacillus, Lactobacillus, 
and Streptobacillus. However, not all bacilli have 
"bacillus" in their names (e.g., E. colt). 

include Enterocot:C'IIS spp., Neisse
ria spp., Staphylococcus spp., and 
Strept«occus spp. 

Bacilli (often referred to as 
rods) may be short or long, thick 
or thin, and pointed or with 

(.-------,, 
Pairs of cocci are 
known as diplo
cocci. Chains of 
cocci are known 
as streptococci. 
Clusters of cocci 

curved or blunt ends. They may are known as 
occur singly, in pairs (tlipMtacilh), •• _staphylococci. ___ ,. 
in chains (streptobacilli), in long 
filaments, or branched. Some rods are quite short, resem
bling elongated cocci; they are called cocroblll:illi. Listeria 
~genes and Haemophilus injluenzae are examples of 
coccobacilli. Some bacilli stack up next to each other, side 
by side in a palisade arrangement, which is characteristic 
of Corynebacterium diphtberiM (the cause of diphtheria) 
and organisms that resemble it in appearance (called diph
theroids). Examples of medically important bacilli include 
members of the family Em:erobaatriacule (e.g., Enterobtuter, 
Ercherichia, Klebsiella, Proteus, Sa/mJmella, and Shigella spp.), 
Pseudomonas aerugimJsa, Bacillus spp., and CltJstridiwn spp. 

Curved and spiral-shaped bacilli are placed into a 
third morphologic grouping. For example, Vrbrio spp., 
such as V. cholerae (the causative agent of cholera) and 
V. par~~baemolyticus (a causative agent of diarrhea), are 
curved (comma-shaped) bacilli (Fig. 4-21). Curved bacteria 
usually occur singly, but some species may form pairs. A 
pair of curved bacilli resembles a bird and is described 
as having a gull-wing morphology. CampykJbaaer spp. (a 
common cause of diarrhea) have a gull-wing morphology. 
Spiral-shaped bacteria are referred to as spirochetes. 
Different species of spirochetes vary in size, length, 
rigidity, and the number and amplitude of their coils. 
Some, such as Treponema pallitlum, are tighdy coiled, the 
cause of syphilis, are tighdy coiled with a flexible cell 
wall that enables them to move readily through tissues 
(Fig. 4-22). Borrelia spp., the causative agents of Lyme 
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... 

A 

Ammgement Deacrfptlon Appearance Example Dlseue 

Diplococci 

Streptococci 

Staphylococci 

Tetrad 

Cocci in pai's 

Cocci In 
chains 

Cocci in 
clualars 

A packet of 
4coccl 

Apadcatcl 
8 cocci 

Nelsaerla 
Gonorrhea gotronhoeae 

~ sn~ ~ 
Strap throat pyogenea 

f.i'f)---~ aumua 
Boils 

Microcoooua Rarely 
lutleu& pathogenic 

Figure 4·11. Morphologic arrangements of cocci and examples of bacterta haVIng 
these arrangementa • 

.. .. -

Figure 4-20. Morphologic &m~ngements of cocci. A. Photomicrograph of Gram-stained Staphylococ
cus aureus cells lllus1raUng Gram-positive (blue) cocci In grapellke clusters. A pink-stained white blood cell 
can also be seen In the lower portion of the photomicrograph. B. Scanning electron micrograph of Strep
tococcus mutans illustrating cocci in chains. ([AJ From Winn WC Jr, at al. Koneman's Color Atlas snd Text
book of Diagnostic Microbiology. 8th ed. Philadelphia, PA: lippincott Williams & Wilkins; 2008. [B) From 
Volk WA. et al. EsssntiaJs of Medical Microbiology. 5th eel. Philadelphia, PA: Uppincott-Raven; 1996.) 



Figure 4-21. V'.tbrio choletae (the causative agent of chol
era} stained with a special flagella stain. These curved bac
teria have a single polar flagellum. (Provided by Dr. William A. 
Clart< and the CDC.) 

Figure 4-22. Scanning electron micrograph ot' »eponema 
paBidum, the bacterium that caueea ayphllle. (Provided by 
Dr. David Cox and the CDC.) 

disease and relapsing fever, are examples of less tighdy 
coiled spirochetes (Fig. 4-23). 

Some bacteria may lose their characteristic shape 
because adverse growth conditions (e.g., the presence 
of certain antibiotics) prevent the production of normal 
cell walls. They are referred to as cell wall-deficient 
(CWD) bacteria or L-fonns. Some CWD bacteria revert 
to their original shape when placed in favorable growth 
conditions, whereas others do not. Bacteria in the genus 
Mycqplasma do not have cell walls; thus, when examined 

[ 

...., microscopically, they appear in 
A bacter1al species various shapes. Bacteria that 
having cells of dlf- • • • f h 
ferent shapes Is said enst ~ a vanet:r o s apes a~e 
to be pleomorphic. descn~~d as b~m~ pleom~hu:; 

, __________ _, the abdtty to eXISt m a VUiety of 
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STUDY AID 
Beware the Word "Baclllus" 

Whenever you see the word Bacillus, 
capitalized and underlined or italicized, 
it is a particular genus of rod-shaped 
bacteria. However, if you see the word bacillus, and it 
is not capitalized, underlined, or italicized, it refers to 
any rod-shaped bacterium. 

Figure 4-23. Spiral-shaped Borrelia hetmsii (an'Dws), a 
cause of rwlapsing fever, in a stained blood smear. (from 
Volk WA, et al. Essentials of Medical Microbiology. 5th ed. Phil
adelphia, PA: Lippincott-Raven; 1996.) 

shapes is known as pleomrwphism. Because they have no 
cell walls, mycoplasmas are resistant to antibiotics that 
inhibit cell wall synthesis. 

Staining Proceclures. As they exist in nature, most 
bacteria are colorless, transparent, and difficult to see. 
Therefore, various staining methods have been devised to 
enable scientists to examine bacteria. In preparation for 
staining, the bacteria are smeared onto a glass microscope 
slide (resulting in what is known as a "smear"), air-dried, 
and then "fixed." (Methods for preparing and fixing 
smears are further described in Appendix 5 on - TJ:oint: 
"Clinical Microbiology Laboratory Procedures.j The two 
most common methods of fixation are heat fixation and 
methanol fixation. Heat fixation is usually accomplished 
by placing the slide on a slider warmer. If not performed 
properly, excess heat can distort the morphology of the 
cells. Methanol fixation, which is accomplished by flooding 
the smear with absolute methanol for 30 seconds, is a 
more satisfactory fixation technique and better preserves 
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the morphology of cells and microorganisms. In general, 
fixation serves three purposes: 

1. It kills the organisms. 
2. It preserves their morphology (shape). 
3. It anchors the smear to the slide. 

Specific stains and staining techniques are used to 
observe bacterial cell morphology (e.g., size, shape, mor
phologic arrangement, composition of cell wall, capsules, 
flagella, endospores). 

A simple st~~in is sufficient to determine bacterial shape 
and morphologic arrangement (e.g., pairs, chains, clus
ters). For this method, shown in Figure 4-24, a dye (such 
as methylene blue) is applied to the fixed smear, rinsed, 
dried, and examined using the oil immersion lens of the 
microscope. The procedures used to observe bacterial 
capsules, spores, and flagella are collectively referred to as 
struauml staining procedures. 

In 1883, Dr. Hans Christian Gram developed a staining 
technique that bears his name-the Gram stain or Gram 
staining procedure. The Gram stain has become the most 
important stWling procedure in the bacteriology labora
tory, because it differentiates between "Gram-positive" and 
"Gram-negative" bacteria (these terms will be explained 
shortly). The organism's Gram reaction serves as an ex
tremely important "clue" when attempting to learn the 
identity (species) of a particular bacterium. The steps in 
the Gram staining procedure are described in Appendix: 5 
on: "Clinical Microbiology Laboratory Procedures" and 
illustrated in Figure 4-2 5. 

HISTORICAL 
NOTE 
The Origin of the Gram Stain 

While working in a laboratory in the 
morgue of a Berlin hospital in the 
1880s, a Danish physician named Hans 

Christian Gram developed what was 
to become the most important of all 
bacterial staining procedures. He 
was developing a staining technique 

that would enable him to see bacteria 
in the lung tissues of patients who had died of 
pneumonia. The procedure he developed-now 
called the Gram stain-demonstrated that two 
general categories of bacteria cause pneumonia, 
some of them stained blue and some of them 
stained red. The blue ones came to be known as 
Gram-positive bacteria, and the red ones as Gram
negative bacteria. It was not until 1963 that the 
mechanism of Gram differentiation was explained 
by M.R.J. Salton. 

@ Air-dry 

{i} Drip mattlanol onto •peclmen 
· to ftx 

@) Flood •llde with min 

(ii Rln• with waw and blot dry 

@ E:u.mlne wHh x100 obJective 
(oil Immersion) 

Figura 4-24. Simple bacterial staining technique. 1, Wrth 
a flamed loop, smear a loopful of bacteria suspended in broth 
or water onto a slide. 2, Allow slide to air-dry. 3, Fix the smear 
with absolute (100%) methanol. 4, Flood the slide with the 
stain. 5, Rinse with water and blot dry with bibulous paper or 
paper towel. 6, Examine the Slide with the X100 microscope 
objective, using a drop of Immersion on directly on the smear. 

The color of the bacteria at the end of the Gram staining 
procedure depends on the chemical composition of their 
cell wall (Table 4-7). H the bacteria were not decolorized 
during the decolorization step, they will be blue to purple 
at the conclusion of the Gram staining procedure; such 
bacteria are said to be "Gram-positive." The thick layer 
of peptidoglycan in the cell walls of Gram-positive bac
teria makes it difficult to remove the crystal violet-iodine 
complex during the decolorization step. Figures 4-26 to 
4-30 depict various Gram-positive bacteria. 

If, on the other hand, the crystal violet was removed 
from the cells during the decolorization step, and the cells 
were subsequently stained by the safranin (a red dye), they 
will be pink to red at the conclusion of the Gram staining 
procedure; such bacteria are said to be "Gram-negative." 



{!) Methanol-ftx: apeclman to sllda. Flood 
slide wfth crystal vlo'-1 solution; 
allow to act tor 1 minute. 

~rystal violet 
~~lution 

® R~aelhe dde, then flood wllh Iodine 
aalutlon; allow lodne to act tor 1 
mlnUID. Bular8 ethanol dec:uluiballun 
(I"Blt slllp), 1111 organlllmll appaar 
purpl8, thalia, Gram-paaltlve. 

-c==: ? 

@ Rlnsa off ucaas lodlna. Decolortze 
wfth alhanol, approximately 5 saconds 
(time depencla on danalty 
ot apeclmen). / 

-~Ethanol 
~ 

Chapter 4 • Acellular and Prokaryotic Microbes 61 

® WUh slide Immediately In wat8r. 
After ethanol clacolortzatlon, those 
organisms that are GraiD-n8gatlva 
are no longer vlalble. 

@ Apply safranln counterstain 
tor 30 aaconda. 

(i:: Wuh In wat8r, blot, and dry In air. 
- Gram-negative organisms are 

visualized attar application 
of the count.er8taln. 

• Gram1JC16IIIve violet 

~ Qramoflagatlve red 

Colarl11611 

Figure 4-28. Stepe In the Gram .talnlng technique. (Redrawn from Harvey RA, et al. Upplncott's 
Illustrated Reviews: Microbiology. 3rd ed. Philadelphia, PA: Upplncott Williams & Wilkins; 2013.) (An 
animated version of this figure can be found on t1" Pcint) 

Gram-Positive 
Bacteria 

Color at the end of Blue to purple 
the Gram staining 
procedure 

Peptidoglycan in cell Thick layer 
walls 

Telcholc acids and Present 
llpotelcholc acids 
In cell walls 

Upopolysacchar1de Absent 
In cell walls 

Gram-Negative 
Bacteria 

Pink to red 

Thin layer 

Absent 

Present 

' 

Figure 4--28. Chains of Gram-positive streptococci In a 
Gram·lftalned amear from a broth culture. (From Wlnn WC 
Jr, et al. Koneman's Color Attas and Textbook of Diagnostic 
Microbiology. 6th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2006.) 
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\ 

J 
Figura 4·27. Gram-positive Sfntploc:oc:cus pneumonlae In 
a Gram-stained smear of a blood cuHure. Note the pairs of 
cocci, known as diplococci {arrows). (From Winn we Jr. et al. 
Koneman's Color Atlas and Textbook of Diagnostic Microbiology. 
6th eel. Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 

y ,, .. ' ' 
Figura 4·28. Gram·poalllve bacilli (C/ollfrldlum parftfn
gena) in a Gram-stained smear prepared from a broth cui· 
ture. Individual bacilli and chains of bacilli (streptobacilli) can 
be seen. (From Winn we Jr. et al. Koneman's Color Atlas and 
Textbook of Diagnostic Microbiology. 6th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2006.) 

If a bacterium is 
blue to purple at 
the end of the Gram 
staining procedure, 
it is Gram-positive. 
If, on the other 
hand, it ends up 
being pink to red, il 

.., The thin layer of peptidoglycan 
in the cell walls of Gram-nega
tive bacteria makes it easier to 
remove the crystal violet-iodine 
complex during decolorization. 
In addition, the decolorizer dis
solves the lipid in the cell walls 
of Gram-negative bacteria; this 

is Gram-negative. 
__) destroys the integrity of the cell 

wall and makes it much easier to 
remove the crystal violet-iodine complex. Figures 4-31 and 
4-32 depict various Gram-negative bacteria. 

Figure 4-3 3 illustrates the various shapes of bacteria that 
may be observed in a Gram-stained clinical specimen. Some 
strains of bacteria are cons:istendy neither blue to purple 
nor pink. to red after Gram staining; they are referred to 
as Gram-variable bacteria. An example of a Gram-variable 
bacterium is Gardnen:lla vaginalis. Refer to Table 4-8 and 
Figures 4-26 to 4-32 for the staining characteristics of 
certain pathogens. 

Mycobacterium species do not stain well, if at all, with 
the Gram stain because of the high lipid content in their 
cell walls. They are more often identified using a staining 

,, 

F11ure 4·28. Oram·poeltlve bacilli (Clostridium tefanl) In a 
Gram-stained smear from a broth culture. Terminal spores 
can be seen on some of the cells (arrows). (From Winn we Jr, 
et al. Koneman's Color Atfas and Textbook of Diagnostic Micro
biology. 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2006.) 

Figure 4·30. Many Gram-positive bacteria can be seen on 
the surface of a pmk-stalned epithelial cell In this Gram
stained sputum apeclrnen. Several smaller pink-staining 
polymorphonuclear leukocytes can also be seen. (From Wlnn 
we Jr, et al. Koneman's Color Atlas and Textbook of Diagnostic 
Microbiology. 8th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2006.) 

procedure called the IICUJ.fast stain. In the Kinyoun proce
dure, carbolfuchsin (a bright red dye) is first used to stain 
the cells. The phenol component of the stain (carbo!) acts 
to "lock" the stain into the cell wall. A decolorizing agent 
(a m.i.J:ture of acid and alcohol) is then used in an attempt to 

remove the red color from the cells. Because mycobacteria 
are not decolorized by the acid--.llcohol mixture (again 
owing to the waxes in their cell walls), they are said to 

Fl1ure 4-31. Gram-negdve bacilli In a Gram-stained 
smear prepared from a bacterial colony. lndMdual bacilli 
and a few short chains of bacilli can be seen. {From Konaman 
E, et al. Color Atfas snd Textbook of Diagnostic Microbiology. 
5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 1997.) 
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Figure 4·32. Loosely coiled Gram-negative eplro-
chetes. Borrelia burgdorferi, shown here, is the etiologic agent 
(cause) of Lyme disease. (From Winn WC Jr, et al. Konemsn's 
Color Atlas and Textbook of Diagnostic Microbiology. 6th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 

be "acid fast." Most other bacteria are decolorized by the 
acid-'.llcohol treatment; they are said to be non--.t.cid fast. 
The acid-fast stain is especially useful in the tuberculosis 
laboratory ("TB lab"), where the acid-fast mycobacteria 
are readily seen as red bacilli (referred to as acid-&st bacilli 
,-------. .., or AFB) against a blue or green 

The acid-fast 
stain Is of value 
In 1he diagnosis 
of tuberculosis. 
Acid-fast bacteria 
are red at 1he end 
of the acid-fast 
staining procedure. 

background in a sputum specimen 
from a tuberculosis patient. Figure 
4-34 depicts the appearance of 
mycobacteria after the acid-fast 
staining procedure. The acid-fast 
staining procedure was developed 
in 1882 by Paul Ehrlich-a Ger
man chemist. 

Figure 4-33. Various fonns of bacteria that might be 
obaervec:l in Gram-stained smears. Shown here are single 
cocci, diplococci, tetrads, octads, streptococci, staphylococci, 
single bacilli, diplobacilli, streptobacilli, branching bacilli, 
loosely coiled spirochetes, and tightly coiled spirochetes. (See 
text for explanation of tenns.) 

'-- ~ 

Staining Reaction Morphology 

Gram-positive Cocci in clusters 

Cocci In chains 

Diplococci 

Bacillus 

Spore-fonning bacillus 

Branching 

Gram-negative Diplococci 

Bacillus 

Bacterium 

Stsphytoooccus aureus 

Streptococcus pyogenes 

Streptococcus 
pneumonia a 

Corynebacterium 
diphtheriae 

Bacillus anthracis 
Clostridium botulinum 
Clostridium perfringens 

Nocardia 
Clostridium tetani 
Neisseria gonorrhoea& 
Neisseria meningitidis 
Bordetells pertussis 
Brucella abortus 
Chlamydia trachomat.is 
Eschelichis coli 
FI'Bflciselfa tuiB.rensis 
Haemophilus ducreyi 
Haemophilus inffuenzae 

Disease(s) 

Wound infections, boils, pneumonia, 
septicemia, food poisoning 

Strep throat, scarlet fever, necrotizing fasclltls, 
septicemia 

Pneumonia, meningitis, ear and sinus 
infections 

Diphtheria 

Anthrax 
Botulism 
Wound infections, gas gangrene, food 

poisoning 
Opportunistic infections 
Tetanus 
Gonorrhea 
Meningitis, respiratory infections 
Whooping cough (pertussis) 
Brucellosis 
Genital infections, trachoma 
Urinary tract infections, septicemia 
Tularemia 
Chancroid 
Meningitis; respiratory, ear, and sinus 

infections 

(continued) 
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Staining Reaction Morphology Bacterium Diseaee(s) 

Acid-fast 

Curved bacillus 
Spirochete 
Bacilli 

Klebsiella pneumonlae 
Proteus vulgaris 
Pseudomonas aeruglnosa 
Rickettsia rlckettsll 
Salmonella typhl 
Salmonella spp. 
Shigella spp. 
Yersinla pestfs 
Vlbrfo cho/erae 
Tt9Ponema pallidum 
Mycobacterium /eprae 
M. tuberculosis 

Urinary tract and respiratory Infections 
Urinary tract Infections 
Respiratory, urinary, and wound Infections 
Spotted tever rickettsiosis 
Typhoid fever 
Gastroentefltls 
Gastroentefltls 
Plague 
Cholera 
Syphilis 
Leprosy (Hansen disease) 
Tuberculosis 

The Gram and acid-fust staining procedures are referred 
to as differential staining procedures because they enable 
microbiologists to differentiate one group of bacteria from 
another (i.e., Gram-positive bacteria from Gram-negative 
bacteria, and acid-fast bacteria from non-acid-fast bacte
ria). Table 4-9 summarizes the various types of bacterial 
staining procedures. 

Rgure 4-34. Many red acid-fast bacilli (Mycobar:tetium 
tuberculosis) can be seen in ttlis acid-fast stained concen
trate 1nNn a digested sputum specimen. (From Koneman E. 
et al. Color Atlas and Textbook of Diagnostic Microbiology. 5th 
ed. Philadelphia, PA: Upplncott Williams & Wilkins; 1997.) 

STUDY AID 
A Method of 
Remembering a 
Particular Bacterium's 
Gram Reaction 

A fonner student used this 
method to remember the Gram reaction of a particular 
bacterium. In her notebook, she drew two large 
circles. She lightly shaded in one circle, using a blue 
colored pencil. The other circle was lightly shaded 
red. Within the blue circle, she wrote the names 
of bacteria studied in the course that were Gram
positive. Within the red circle, she wrote the names of 
bacteria that were Gram-negative. She then studied 
the two circles. Later, whenever she encountered the 
name of a particular bacterium, she would remember 
which circle it was in. If it was in the blue circle, then 
the bacterium was Gram-positive. If it was in the red 
circle, the bacterium was Gram-negative. Cleverl 

'l8llle 4-1 1J·J~:r:r;;.;TiT:ll-:·ot: Ia !I 
~ .. 
Category Example(s) Purpoee 

Simple Staining wfth Merely to stain the 
staining methylene cells so that their 
procedure blue size, shape, and 

morphologic 
arrangement can be 
determined 

Structural Capsule stains To determine whether 
staining the organism is 
procedures encapsulated 

Flagella stains To determine whether the 
organism possesses 
flagella and, If so, their 
number and location 
on the cell 

Endospore To determine whether the 
stains organism Is a spore 

former and, if so, to 
determine whether the 
spores are terminal or 
subterminal spores 

Differential Gram stain To differentiate between 
staining Gram-positive and 
procedures Gram-negative 

bacteria 
Acid-fast stain To differentiate between 

acid-fast and no~ 
acid-fast bacteria 



Motility. If a bacterium is able to "swim," it is said to be 
motile. Bacteria unable to swim are said to be nonmotile. 
Bacterial motility is most often associated with the pres
ence of flagella or axial :filaments, although some bacteria 
exhibit a type of gliding motility on secreted slime. Bacteria 
never possess cilia. Most spiral-shaped bacteria and about 
one-half of the bacilli are motile by means of flagella, but 
cocci are generally nonmotile. A flagella stain can be used 
to demonstrate the presence, number, and location of fla
gella on bacterial cells. Various tenns (e.g., monotrichous, 
amphitrichous, lophotrichous, peritrichous) are used to 
describe the number and location of flagella on bacterial 
cells (illustrated in Chapter 3). 

Motility can be demonstrated by su.bbing the bacteria 
into a tube of semisolid agar or by using the hanging-drop 
technique. Growth (multiplication) of bacteria in semisolid 
agar produces turbidity (cloudiness). Nonmotile organisms 
will grow only along the stab line (thus, turbidity will 
be seen only along the stab line), but motile organisms 
will spread away from the stab line (thus, producing 
turbidity throughout the medium; see Fig. 4-3 5). In the 
hanging-drop method (Fig. 4-36), a drop of a bacterial 
suspension is placed onto a glass coverslip. The cover
slip is then inverted over a depression slide. When the 
preparation is examined microscopically, motile bacteria 
within the "hanging drop" will be seen darting around 
in every direction. 

Colony Morphology. A single bacterial cell that lands 
on the surface of a solid culture medium cannot be seen, 
but after it divides over and over again, it produces a 
mound or pile of bacteria, known as a bacterial colony 
(Fig. 4-37). A colony contains millions of organisms. The 
colony morphology (appearance of the colonies) of bacteria 
varies from one species to another. Colony morphology 
includes the size, color, overall shape, elevation, and the 
appearance of the edge or margin of the colony. As is true 
for cell morphology and staining characteristics, colony 
features serve as important "clues" in the identification of 
bacteria. Size of colonies is determined by the organism's 

rate of growth (generation time) 
and is an important characteristic 
of a particular bacterial species. 
Colony morphology also includes 

cuhure medium Is the results of enzymatic activity 
known as a bacterial on various types of culture media, 

A mound or pile 
of bacteria on the 
surface of a solid 

colony. such as those shown in Figures 
~-------.) 8-6 to 8-8 in Chapter 8. 

Atmospheric Requiteme~~ts. In the microbiology lab
oratory, it is useful to classify bacteria on the basis of their 
relationship to oxygen (02) and carbon dioxide (C02). With 
respect to oxygen, a bacterial isolate can be classified into 
one of five major groups: obligate aerobes, microaerophilic 
aerobes (microaeropbiles), facultative anaerobes, aerotolerant 
anaerobes, and obligate anaerobes (Fig. 4-38).1n a liquid 
medium such as thioglycollate broth (flllO), the region 
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A B 

/ 
/~ 
OR 

~ 

D 
Figure 4-3&. Semisolid agar method tor determining mo
tility. A. Uninoculated tube of semisolid agar. B. Same tube 
being inoculated by stabbing the inoculating wire into the 
medium. C. Pattern of growth of a nonmotile organism, after 
incubation. D. Pattern of growth of a motile organism, after 
incubation. 

Glass 
depression 

slide' 

~ J ~·~ 
- ~/Petroleum jelly 

' •. 

Figure 4-38. Side view or a hamg~g-drop preparation tor the 
8tucty or living bacteria. A drop of liquid culture medium hangs 
from the center of a cover glass above the depression in a glass 
depression slide. A ring of petroleum jelly around the edge of the 
depression preveniB the drop from touching the slide. 
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Single 
bact8rial cell 

A 
Agar 

Visible I 
colony \ t 
.-.c! .• --

No. of 
TII'M c.lle 

0 hr 1 

4 hr 256 

8 hr 65,000 

12 hr 17,000,000 

Figure 447. Formation of a bacterial colony on aolld 
growth medium. In this illustration, the generation time is 
assumed to be 30 minutes. (Redrawn from Harvey RA, et al. 
Lippincott's Illustrated Reviews: Microbiology. 3rd ed. Philadel
phia, PA: Lippincott Williams & Wilkins; 2013.) 

of the medium in which the organism grows depends on 
the oxygen needs of that particular species (Fig. 4-39). 

To grow and multiply, obligate tuTObes require an at
mosphere containing molecular oxygen in concentrations 
comparable to that found in room air (i.e., 20%-21% 
Oz). Mycobacteria and certain fungi are examples of 
microorganisms that are obligate aerobes. Microaeropbiles 
(microaerophilic aerobes) also require oxygen for mul
tiplication, but in concentrations lower than that found 
in room air. Neisseria gonorrboeae (the causative agent of 
gonorrhea) and Campylcbaaer spp. (which are the major 

Dissolved 
oxygen 

20-21% 
} Obligate aerobes will grow where 

there is 20-21% oxygen. 

15% 

10% 

} 
Microaerophile& will grow where 
there is about 5% oxygen. 

} 
Obligate anaerobes will grov.r 
where there is 0% oxygen • 

Figure 4-39. Culturing microo11J11nisms in 1hioglycollate 
broth (THIO). nno contains a concentration gradient of dis
solved oxygen, ranging from 20% to 21% 0 2 at Ute top of the 
tube to 0% 0 2 at the bottom of the tube. A bacterium will grow 
only In that part of the THIO containing the concentration of 
oxygen that it requires. 

causes of bacterial diarrhea) are 
examples of microaerophilic bac
teria that prefer an atmosphere 
containing about 5% oxygen. 

Anaerobes can be defined as 
organisms that do not require 
oxygen for life and reproduc
tion. However, they vary in their 
sensitivity to oxygen. The terms 
obligate anaerobe, aerotolerant 
anaerobe, and facultative anaerobe 
are used to describe the organ
ism's relationship to molecular 
oxygen. An obligt.Jte a'fllllerobe is an 
anaerobe that can grow only in 

(.--------------~ 

Obligate aerobes 
and microaerophile& 
require oxygen. 
Obligate aerobes 
require an 
atmosphere 
containing about 
20%to21% 
oxygen, whereas 
microaerophiles 
require reduced 
oxygen 
concentrations 
(usually around 5% 

.._ oxygen). 

Relationship:Jo !--------. 
Oxygen _ I _ 

._ - [ Obligate Aerobes ) 

j Facuftatlve Anaerobes J 

Dec,... lnCftleH 
~------~~~----- ~~o~cov------~~~~--~~ 

Figure 4-38. Categories of bacteria baHd on their relationship to oxygen. 



an anaerobic environment (i.e., an environment containing 
no oxygen) (see "A Closer Look at Life in the Absence of 
Oxygen" on 1" ~nt). 

An aerotolerrmt anaerobe does not require oxygen, 
grows better in the absence of oxygen, but can survive in 
atmospheres containing molecular oxygen (such as air and 
a C02 incubator). The concentration of oxygen that an 
aerotolerant anaerobe can tolerate varies from one species 
to another. FIKUltative ll'lllm"'bes are capable of surviving in 

Obligate anaerobes, 
aerotolerant 
anaerobes, and 
facultative 
anaerobes can 
thrive in an 
atmosphere devoid 
of oxygen. 

either the presence or the absence 
of oxygen; anywhere from 0% 0 2 

to 20% to 21% 0 2• Many of the 
bacteria routinely isolated from 
clinical specimens are facultative 
anaerobes (e.g., members of the 
family EntmJbaaeri~Jau, most strep
tococci, and most staphylococci). 

Room air contains less than 
J 

1% C02• Some bacteria, referred 
to as capntiphiles (capnophili.c organisms), grow better in 
the laboratory in the presence of increased concentrations 

For optimum growth 
in the laboratory, 
capnophiles require 
an atmosphere 
containing 5% 
to 1 0% carbon 
dioxide. 

of C02• Some anaerobes (e.g., 
BacteroUJes and Fu.rob~ spe
cies) are capnophiles, as are some 
aerobes (e.g., certain Neisseria, 
Cmnpylobaaer, and Haemophilus 
species). In the clinical microbi
ology laboratory, C02 incubatnrs 
are routinely calibrated to contain 
between 5% and 10% C02• 

Tempetafure Requirements. Bacteria are capable of 
growth in a wide range of temperatures. Some can grow, 
although slowly, at near freezing temperatures whereas 
others can grow at extremely high temperatures found 
in hot springs and thermal vents. Pathogenic bacteria are 
somewhat limited in their optimal growth range because 
they are adapted tn human body temperature. Consequently, 
incubators in clinical microbiology laboratories are nor
mally set at 35°C to 37°C, although some organisms prefer 
temperature as low as 30°C and others can be recovered 
at temperatures as high as 42°C. 

Nutritional Requirements. All bacteria need some form 
of the elements carbon, hydrogen, oxygen, sulfur, phos
phorus, and nitrogen for growth. Special elements, such as 
potassium, calcium, iron, manganese, magnesium, cobalt, 
copper, zinc, and uranium, are required by some bacteria. 
Certain microbes have specific vitamin requirements, and 
some need organic substances secreted by other living 
microorganisms during their growth. Organisms with 
especially demanding nutritional requirements are said 
to be fastidious; think of them as being "fussy., Special 
enriched media must be used to grow fastidious organisms 
in the laboratnry. The nutritional needs of a particular or
ganism are usually characteristic of that species of bacteria 
and sometimes serve as important clues when attempting 
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to identify the organism. Nutritional requirements are 
discussed further in Chapters 7 and 8. 

Biochemical anct Metabolic ActWitles. As bacteria grow, 
they produce many waste products and secretions, some 
of which are enzymes that enable them to invade their 
host and cause disease. The pathogenic strains of many 
bacteria, such as staphylococci and streptococci, can be 
tentatively identified by the enzymes they secrete. Also, in 
particular environments, some bacteria are characterized 
by the production of certain gases, such as carbon dioxide, 
hydrogen sulfide, oxygen, or methane. To aid in the identi
fication of certain types of bacteria in the laboratory, they 
are inoculated into various substrates (e.g., carbohydrates 
and amino acids) to detennine whether they possess the 
enzymes necessary to break down those substrates. Learn
ing whether a particular organism is able to break down 
a certain substrate serves as a clue to the identity of that 
organism. Different types of culture media are also used 
in the laboratory to learn information about an organism's 
metabolic activities (to be discussed in Chapter 8). 

Pathogenicity. The characteristics that enable bacteria to 
cause disease are discussed in Chapter 14. Many pathogens 
are able to cause disease because they possess capsules, fim
briae, or endotoxins (biochemical components of the cell 
walls of Gram-negative bacteria) or because they secrete 
emtoxins and exoenzym.es that damage cells and tissues. 
Frequently, pathogenicity (the ability to cause disease) is 
tested by injecting the organism into mice or cell cultures. 
Some common pathogenic bacteria are listed in Table 4-8. 

Genetic Compoaition. Most modem laboratories are 
moving toward the identification of bacteria using some 
type of test procedure that analyzes the organism's DNA 
or RNA. These test procedures are collectively referred 
to as molecular diagnostic procedures. The composition 
of the genetic material (DNA) of an organism is unique 
to each species. DNA probes make it possible to identify 
an isolate without relying on phenotypic characteristics. 
A DNA probe is a single-stranded DNA sequence that 
can be used to identify an organism by hybridizing 
with a unique complementary sequence on the DNA 
or rRNA of that organism. Also, through the use of 16S 
rRNA sequencing (discussed in Chapter 3), a researcher 
can determine the degree of relatedness between two 
different bacteria. 

Unique Bac:t.ta 
Rickettsias, chlamydias, and mycoplasmas are bacteria, but 
they do not possess all the attributes of typical bacterial 
cells. Thus, they are often referred to as "unique" or "ru
dimentary" bacteria. Because they are so small and difficult 
to isolate, they were formerly thought to be viruses. 
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Human Diseases Caused by Unique Bacteria 

Genua Humen Dieeaae(e) 

Rickettsia R. ak.ati Rickettsial pox (a mite-borne disease) 

Ehrlich/a spp. 

R. prowazeldl 
R. rlckettsll 
R. typhl 
E. chaffeens/s 

Epidemic typhus (a louse-borne disease) 
Spotted fever rickettsiosis (a tick-borne dlseese) 
Endemic or murine typhus (a flea-borne disease) 
Human monocytic ehrllchlosls (HME) 

Anaplasma spp. 
Chlamydia (anc:t Chlamyd-

A phagocyt.ophllum 
Chlamydophl/a 

Human granulocytic anaplasmosis (ehrllchlosls) 
Pneumonia 

Ia-like bactena) pneumonlae 
Chlamydophl/a pslttacl Psittacosis (a respiratory disease; a zoonosis; sometimes called •parrot 

fever'1 
Chlamydia trachomatls Different serotypee cause different diseases, Including trachoma (an (fje 

disease) inclusion conjunctivitis (an eye disease), nongonococcal 
urethritis (NGU; a sexually transmitted disease), lymphogranuloma 
venereum (lGV; a sexually transmitted disease) 

Mycoplasma M. pneumoniae 
M. genitslium 

Atypical pneumonia 
NGU 

Orientia 0. tsutsugamushi 
U~ums Uu~cum 

Scrub typhus (a mite-borne disease) 
NGU 

~--------=======-------------==~-------====================================--/ 

Rlclt.ettslas, Chlamydlas, and Closely Related Bac
teria. Rickettsias and chlamydias are bacteria with a 
Gram-negative-type cell wall. They are obligate intracel
lular pathogens that cause diseases in humans and other 
animals. As the name implies, an obligate int:racellular 
pathogen is a pathogen that must live within a host cell. 
To grow such organisms in the laboratory, they must be 
inoculated into embryonated chicken eggs, laboratory 
animals, or cell cultures. They will not grow on artificial 
(synthetic) culture media. 

The genus Rickettsia was named for Howard T. Rickettli, 
a US pathologist; these organisms have no connection to 
the disease called rickets, which is the result of vitamin D 
deficiency. Because they appear to have leaky cell membranes, 
most rickettsias must live inside another cell to retain all 
necessary cellular substances. All diseases caused by Rick
ettsia species are arthropod borne, meaning that they are 
transmitted by arthropod vet:trm (carriers); see Table 4-10. 

Arthropods such as lice, fleas, and ticks transmit the 
rickettsias from one host to another by their bites or waste 
products. Dis~s caused by Rickettsia spp. include typhus 
and typhus-like diseases (e.g., spotted fuver rickettsiosis). 
All these diseases involve production of a rash. Medically 
important bacteria that are closely related to rickettsias in
clude Coxiellll burnet#, B/11't1)7UJ/a fjflinttmtz, Ehrlich ill spp., and 
A1111JJiasmll spp. C. burnetii (the causative agent of Q fever) is 
transmitted primarily by aerosols, but can be transmitted to 
animals by ticks. B. guinttma is associated with trench fever 
(a louse-borne disease), cat scratch disease, bacteremia, and 
endocarditis. Ehrlichia and Anaplasma spp. cause human 
tick-borne diseases such as human monocytic ehrlichiosis 
(HME) and human granulocytic anaplasmosis. Ehrlkhia 
and Amlplasma spp. are intraleukocytic pathogens, meaning 
that they live within certain types of white blood cells. 

The term "chlamydias" refers to Cbltnnydia spp. and 
closely related organisms (such as Cblamydbphila spp!). 
Cblamydias are referred to as "energy parasites., Although 
they can produce adenosine triphosphate (ATP) molecules, 
they preferentially use ATP molecules produced by their 
host cells. ATP molecules are the major energy-storing 
or energy-carrying molecules of cells (see Chapter 7). 
Chlamydias are oblig-ate intracellular pathogens that are 
transferred by inhalation of aerosols or by direct contact 
between host9-not by arthropods. Medically important 
chlamydias include Cbltmtydia t:l'tlebtmllltit, Cblamydbphila 
JrMU'IIIfmilze, and Chk»wytfqpbila psittaci. Different serotypes 
of C. tnubtm~~~tis cause different diseases, including trachoma 
(the leading cause of blindness in the world), inclusion 
conjunctivitis (another type of 
eye disease), and nongonococcal 
urethritis (NGU; a term given to 
urethritis that is not caused by 
Neimrill gtml)"f'bi)Mt). C. pneunrqnitle 
causes a type of pneumonia, and C. 
psitfild causes a respiratory disease 
called psittacosis. Chlamydia] 
diseases are listed in Table 4-10. 

Rickettsias and 
chlamydias are 
examples of 
obligate intracellular 
organisms
organisms that can 
exist only within 
host cells. ..__ ____ } 

Mycoplasmas. Mycoplasmas are the smallest of the cellular 
microbes. Because they lack cell walls, they assume many 
shapes. from coccoid to filamentous; thus, they appear 
pleomorphic when examined microscopically. Sometimes, 
they are confused with CWD forms of bacteria, described 
earlier; however, even in the most fu.vorable growth media, 
m:yooplasmas are not able to produce cell walls, which is not 

'Not all w:onomists are in agreement that Cblmnydi# psittMi and 
C. pnt'llmMiillt should have been reclassified as ChklmyJqpbikJ spp. 



true for CWD bacteria. Mycoplasmas were formerly called 
pleuropneumonia-like organisms (PPLOs), first isolated 
from cattle with lung infections. They may be free living or 
parasitic and are pathogenic to many animals and some plants. 
In humans, pathogenic mycoplasmas cause primary atypical 
pneumonia and genitourinary infections; some species can 

grow intracellularly. Because they have no cell wall, they are 
resim.nt to treatment with penicillin and other antibiotics 
that work by inhibiting cell wall synthesis. Mycoplasmas 
can be cultured on artificial media in the laboratory, where 
they produce tiny colonies (called "fried egg coloniesj that 
resemble sunny-side-up fried eggs in appearance (Fig. 4-40). 
The absence of a cell wall prevents mycoplasmas from 

Because 
Mycoplasma spp. 

-.. staining with the Gram staining 

do not possess 
cell walls, they are 
pleomorphic. ... _______ ..! 

procedure. Diseases caused by 
mycoplasmas and a closely related 
organism (Urulfllasmtl tmalytialm) 
are shown in Table 4-10. 

STUDY AID 
11Strains" versus 
11Serotypes" 

Within a given species, there 
are usually different stlains. For 
example, there are many different strains of E. coli. 
If the E. coli that has been isolated from Patient X is 
producing an enzyme that is not being produced by 
the E. coli from Patient Z, the two E. coli isolates are 
considered to be different strains. Or if one isolate of 
E. coli is resistant to ampicillin (an antibiotic) and the 
other E. coli isolate is susceptible to ampicillin, then 
these isolates are considered to be different strains 
of E. coli. Also, there are usually different ssrotypes 
(sometimes called serovars) within a given species. 
Serotypes of an organism differ from each other 
as a result of differences In their surface molecules 
(surface antigens). Sometimes, as is true for 
C. trachomatis and E. coli, different serotypes of a 
given species cause different diseases. 

STUDY AID 
Beware of Similar
Sounding Names 

Do not confuse Mycoplasma with 
Mycobacterium. Each Is a genus 
of bacteria. The unique thing about Mycoplasma spp. 
is that they lack cell walls. The unique thing about 
Mycobacterium spp. is that they are acid fast. 
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Figure 4-40. The "frred egg• appearance of Mycoplasma 
colonlee on an agar medium. (Provided by Dr. E. AnJm, 
Dr. N. Jacobs, and the CDC.) 

Phatasynthatlc Bac:tarta 
Photosynthetic bacteria include purple bacteria, green 
bacteria, and cyanobacteria (erroneously referred to in the 
past as blue-green algae). Although all three groups use 
light as an energy source, they do r - ,, 
not all carry out photosynthesis Photosynthetic 
in the same way. For example, bacteria are 
purple and green bacteria (which, bacteria capable 
in some cases, are not actually of converting 
those colors) do not produce light energy Into 
oxygen, whereas cyanobacteria chemical energy. 

Cyanobacteria 
do. Photosynthesis that produces are examples of 
oxygen is called oxygenic phot:osyD- photosynthetic 
thesis, whereas photosynthesis that bacteria. 
does not produce oxygen is called .._ 
anoxygtnk photosynthesis. 

In photosynthetic eukaryotes (algae and plants), pho
tosynthesis takes place in plastids, which were discussed in 
Chapter 3. In cyanobacteria, photosynthesis takes place on 
intracellular membranes known as thylakoids. Thylakoids 
are attached to the cell membrane at various points and are 
thought to represent imaginations of the cell membrane. 
Attached to the thylakoids, in orderly rows, are numerous 
phycobilisomes--complex protein pigment aggregates 
where light harvesting occurs. 

Many scientists believe that cyanobacteria were the first 
organisms capable of carrying out oxygenic photosynthesis 
and thus played a major part in the oxygenation of the 
atmosphere. Fossil records reveal that cyanobacteria were 
already in existence 3 .3 to 3 .5 billion years ago. Photosyn
thesis is discussed further in Chapter 7. Cyanobacteria 
vary widely in shape; some are cocci, some are bacilli, and 
others fonn long filaments. 

When appropriate conditions exist, cyanobacteria in 
pond or lake water will overgrow, creating a water bloom-a 
"pond scum" that resembles a thick layer of bluish green 
(turquoise) oil paint. The conditions include a mild or no 
wind, a balmy water temperature (l5°C-3 0°C), a water pH 
of 6 to 9, and an abundance of the nutrients nitrogen and 
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phosphorous in the water. Many cyanobacteria are able 
to convert nitrogen gas (N:z) from the air into ammonium 
ions (NH{) in the soil or water; this process is known as 
nit:rogm pillion (Chapter 1 0). 

Some cyanobacteria produce toxins (poisons), such 
as neurotoxins (which affect the central nervous system), 
hepatotoxins (which affect the liver), and cytotoxins (which 

Some cyanobacteria 
produce toxins 
(called cyanotoxins) 
that can cause 
disease and even 
death In animals and 
humans. 

affect other types of cells). These 
cyanoto:rins can cause disease 
and even death in wildlife species 
and humans that consume con
taminated water. Many scientists 
are concerned that rising global 
temperatures ("global warming") 

..) will lead to increases in cyanobac-
terial populations and concurrent 

increases in cyanotoxins. Additional information about 
these cyanotoxins can be found in Appendix 1 on • r'l Point: 
"Microbial Intoxications." 

The Domain ArchaeB 

Prokaryotic organisms thus &.r described in this chapter are 
all members of the Domain Blldef'iiJ. Prokaryotic organisms 
in the DomainAnb11e11 were discovered in 1977 .Although 
they were once referred to as arch.aebacteria (or :archaeo
bacteria), most scientists now feel that there are sufficient 
differences between archaea and bacteria to stop referring 
to archaea as bacteria.AnhM means "ancient," and the name 
arch11e11 was originally assigned when it was thought that 
these prokaryotes evolved earlier than bacteria. Now, there 
is considerable debate as to whether bacteria or archaea 
came first. Genetically, even though they are prokaryotes, 
archaea are more closely related to eukaryotes than they 
are to bacteria; some possess genes otherwise found only 
in euk:aryotes. Many scientists believe that bacteria and 
archaea diverged from a common ancestor relatively soon 
after life began on this planet. Later, the eukaryotes split 
off from the archaea. 

Archaea vary widely in shape; some are cocci, some are 
bacilli, and others form long filaments. Many, but not all, 
archaea are "extremophiles," in the sense that they live in 
extreme environments, such as extremely acidic, alkaline, 
hot, cold, or salty environments, or environments where 
there is extremely high pressure (Table 4-11). 
,-------. Some live at the bottom of .., 

Many archaea are 
extremophiles; 
that is, they 
live in extreme 
environments, 

the ocean in and near thermal 
vents, where, in addition to heat 
and salinity, there is extreme 
pressure. Other archaea, called 
methanogens, produce methane, 
which is a flammable gas.Although 
virtually all archaea possess cell 
walls, their cell walls contain no 

for example, 
environments that 
are extremely hot, 
dry, or salty. 

_..J peptidoglycan. In contrast, all 

Examples of Extremophiles ' 

~of Extreme 
Environment 

Extremely acidic 
Extremely alkaline 
Extremely hot 
Extremely cold 
Extremely salty 
Extremely high pressure 

Neme Given to Theee 
~ee of Extremophilee 

Acldophlles 
Alkallphlles 
Thermophlles 
Psychrophlles 
Halophlles 
Plezophlles (formerly 

barophlles) 
~-===============~-=-=-=-=-=-====--/ 

bacterial cell walls contain peptidoglycan. The 16S .rRNA 
sequences of archaea are quite different from the 16S 
rRNA sequences of bacteria. The 16S rRNA sequence data 
suggest that archae a are more closely related to eukaryotes 
than they are to bacteria. You will recall from Chapter 3 
that differences in rRNA structure form the basis of the 
Three-Domain System of Classification. 

Summary 
It is very important to understand that viruses are very 
different from bacteria. Table 4-12 summarizes the major 
differences between these two groups of microbes. 

Major Differences between 
Viruses and Bacteria 

VIruses 

Not composed of cells 
(said to be acellular); 
sometimes referred to as 
infectious particles 

Not considered to be IMng 

Much simpler in structure 
than bacteria, often 
consisting merely of 
nucleic acid surrounded 
by a protein coat 

Contain either DNA or RNA 
Cannot reproduce on their 

own; they must enter 
a host cell In order to 
reproduce 

Bacteria 

Composed of cells (said to 
be cellular}; because their 
cells do not contain true 
nuclei, they are called 
prokaryotes 

Because they are composed 
of cells, they are 
considered to be living 
organisms; because of 
their small size, they 
are considered to be 
microorganisms 

Much more complex in 
structure than viruses 

Contain both DNA and RNA 
Capable of reproducing on 

thefrown 



oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 

• A Closer Look at Life in the Absence of Oxygen 
• Increase Your Knowledge 

• Critical Thinking 
• Additional Self-Assessment Exercises 

? . Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple~hoice questions. 

1. Which one of the following steps occurs during the 
multiplication of animal viruses, but not during the 
multiplication of bacteriophages? 
a. assembly 
b. biosynthesis 
c. penetration 
d. uncoating 

2. Which one of the following diseases or groups of 
diseases is not caused by prions? 
a. certain plant diseases 
b. chronic wasting disease of deer and elk 
c. Creutzfeldt,Jakob disease of humans 
d. "mad cow disease" 

3. Most prokaryotic cells reproduce by: 
a. binary fission 
b. budding 
c. gamete production 
d. spore formation 

4. The group of bacteria that lack rigid cell walls and 
take on irregular shapes is: 
a. chlamydias 
b. mycobacteria 
c. mycoplasmas 
d. rickettsias 

5. At the end of the Gram staining procedure, Gram
positive bacteria will be: 
a. blue to purple 
b. green 
c. orange 
d. pink to red 
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6. Which one of the following statements about 
rickettsias is false? 
a. Diseases caused by rickettsias are arthropod 

borne 
b. Rickets Is caused by a Rickettsia species 
c. Rickettsia species cause typhus and typhus-like 

diseases 
d. Rickettsias have leaky membranes 

7. Which one of the following statements about 
Chlamydia and Chlamydophila spp. is false? 
a. They are obligate intracellular pathogens 
b. They are considered to be "energy parasites• 
c. The diseases they cause are all arthropod borne 
d. They are considered to be Gram-negative 

bacteria 

8. Which one of the following statements about 
cyanobacteria Is false? 
a. Although cyanobacteria are photosynthetic, 

they do not produce oxygen as a result of 
photosynthesis 

b. At one time, cyanobacteria were called blue
green algae 

c. Some cyanobacteria are capable of nitrogen 
fixation 

d. Some cyanobacteria are important medically 
because they produce toxins 

9. Which one of the following statements about 
archaea is false? 
a. Archaea are more closely related to eukaryotes 

than they are to bacteria 
b. Both archaea and bacteria are prokaryotic 

organisms 
c. Some archaea live in extremely hot 

environments 
d. The cell walls of archaea contain a thicker layer 

of peptidoglycan than the cell walls of bacteria 

10. An organism that does not require oxygen, grows 
better in the absence of oxygen, but can survive in 
atmospheres containing some molecular oxygen is 
known as a(n): 
a. aerotolerant anaerobe 
b. capnophile 
c. facultative anaerobe 
d. microaerophile 
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After studying this chapter, you should be able to: 

• Compare and contrast the differences between algae, 
protozoa, and fungi (e.g., photosynthetic ability and 
chitin in cell walls) 

• Explain what is meant by a "red tide" (i.e., what 
causes it) and its medical significance 

• List the four major categories of protozoa and their 
most important differentiating characteristics (e.g., 
their mode of locomotion) 

• Define the terms pellicle, cytostome, and stigma 

• Ust five major infectious diseases of humans that are 
caused by protozoa and five that are caused by fungi 

• Define and state the importance of phycotoxins and 
mycotoxins 

• Explain the differences between aerial and vegetative 
hyphae, septate and aseptate hyphae, and sexual 
and asexual spores 

• Explain the major difference between a lichen and a 
slime mould 
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INTRODUCTION 

Acellular and prokaryotic microbes were described in 
Chapter 4. This chapter describes the eukaryotic microbes, 

Eukaryotic microbes 
include some spe
cies of algae and 
fungi, and all pro
tozoa, lichens, and 
slime moulds. 

PART 1: ALGAE 

which include some species of 
algae, all protozoa, some spe
cies of fungi, all lichens, and all 
slime moulds. Scientists have not 
yet determined when the first 
eukaryotic organisms appeared 
on Earth. 

Characteristics and Classlllcaaon 
Algae (sing., alga) are photosynthetic, eukaryotic organ
isms that, together with protozoa, are classified in the 
second kingdom (Protista) of the Five Kingdom System 
of Classification. Collectively, they are referred to as pro-

tists. Not all taxonomists agree, 
Algae and protozoa howeVl:r, that algae and protozoa 
are referred to as should be combined in the same 
protists because kingdom.• The study of algae is 
tK~eygdare inPthroti~ called phycology (or algology), 

In om sta. d h di al . ..J an a person w o stu es gae ts 
called a phycologist (or algologist). 

All algal cells consist of cytoplasm, a cell wall (usually), 
a cell membrane, a nucleus, plastids, ribosomes, mitochon
dria, and Golgi bodies. In addition, some algal cells have a 
ptllicle (a thickened cell membrane), a stigma (a light-sensing 
organelle, also known as an eyespot), and flagella. Although 
they are not plants, algae are more plantlike than protozoa 
(see Table 5-1). Algae lack true roots, stems, and leaves. 

Algae range in size from tiny, unicellular, microscopic 
organismsb (e.g., diatoms, dinoflagellates, and desmids) to 
large, multicellular, plantlike seaweeds. Thus, not all algae 
are microorganisms. Algae may be arranged in colonies 
or strands and are found in freshwater and salt water, in 
wet soil, and on wet rocks. Algae produce their energy by 
photosynthesis, using energy from the sun, carbon dioxide, 
water, and inorganic nutrients from the soil to build cellular 
material. However, a few species use organic nutrients, 
and others survive with very little sunlight. Most algal cell 
walls contain cellulose, a polysaccharide not found in the 
cell walls of any other microorganisms. Depending on the 
types of photosynthetic pigments they possess, algae are 
classified as green, golden (or golden brown), brown, or red. 

'In some classification schemes, algae are treated as a separa~ 
kingdom called Chromista. 
bA tiny green alga, which is sometimes as small as 1.0 ~in di
ameter, named OstreocrJa:fiS tarwi, is one of the smallest eu1wyotes 
ever diswvered. It cont:a.iru one chloroplast, one mitochondrion, 
and one Golgi body. Tmy eukaryotes that range in size from 0.2 
to 2 l.l.tD in diameter are collectively known as piroeukaryotcs. 
They are smaller than some probryotes. 

Diatoms are tiny, usually unicellular algae that live in 
both freshwa~r and seawater (Fig. 5-1). They are important 
members of the phytoplankton. Over 200 genera of living 
diatoms are known. Diatomaceous earth, consisting of 
fossilized remains of diatoms, is a naturally occuning soft 
rock that is easily crumbled into a fine white powder. It 
is used as a filtration aid and a mild abrasive in products, 
such as metal polishes and toothpaste. Diatoms have been 
investigated for use as drug delivery systems in medicine, 
~d their potential use in nanotechnology has drawn great 
mterest. 

Dinoflagellates are microscopic, unicellular, flagellated, 
often photosynthetic algae. Like diatoms, they are important 
members of the phytopl.anlrton, producing much of the 
oxygen in our atmosphere and serving as important links 
in food chains. Dinoflagellates are responsible for what are 
known as "red tides" (discussed in Appendix 1 on d'" Pcint : 
"Microbial Intoxications"). Green ~ 
algae include many different gen- Algae considered to 

1 

era, all of which can be found in be microorganisms 
pond water (Fig. 5-2}. Include diatoms, 

Algae are easy to find. They dlnofl8'!ellates, and 
· 1 d . many different types 
me u e large seaweeds of vanous of 1 green agae. 
colors, brown kelp {up to 10 min ..._ ) 
length) found along ocean shores, the green scum floating 
on ponds, and the slippery green material on wet rocks 
(Fig. 5-3). 

Algae are an important source of food, iodine and 
other minerals, fertilizers, emulsifiers for pudding, and 
stabilizers for ice cream and salad dressings; they are also 
used as a gelling agent for jams and nutrient media for 
bacterial growth. The agar used as a solidifying agent 
in laboratory culture media is a complex polysaccharide 
derived from a red marine alga. Because algae are nearly 
SO% oil, scientists are studying them as a source of 
biofuels. On the down side, damage to water systems is 
frequently caused by algae clogging filters and pipes if 
many nutrients are present. 

Medical Significance 

One genus of algae (Protothee~~) is a very rare cause of hu
man infections (causing a disease known as prototb.ecosis). 
PrototbeCII lives in soil and can 
enter wounds, especially those r Algae are only very ', 
located on the feet (Fig. 5-4). It rarely a cause of 
produces a small subcutaneous human infections. 
lesion that can progress to a Protothecosis is an 
crusty, warty-looking lesion. example of a human 
If the organism enters the algal infection. 1 

\. ' 
lymphatic system, it may cause 
a debilitating, sometimes fatal infection, especially in 
immunosuppressed individuals. Algae in several other 
genera secrete substances (phycotoxi'IIS) that are poison
ous to humans, fish, and other animals. For additional 
information on these toxins, see Appendix 1 on ~'Oint : 
"Microbial Intoxications." 



Eukaryotic 
PhotosyntheUc 
Cells contain chlorophyll 
Use carbon dioxide as an energy source 
Store energy in the form of starch 
Composed of roots, stems, and leaves 

Algae 

Vas 
Vas 
Yes 
Yes 
Yes 
No 
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Plants 

Vas 
Yes 
Yes 
Yes 
Yes 
Most (bryophytes, such as mosses, are 

the exception) 

Ill 

Cell walls contain cellulose Most (exceptions include diatoms and 
dinoflagellatas) 

Vas 

Method of reproduction 
Contain a vascular system to transport 

Internal ftulds 

Bolt! asexual and sexual 
No 

Sexual 
Most (mosses and other bryophytes are 1 

Figure 5·1. Microscopic appearance or diatoms when 
viewed with a compound light microscope. Note the large 
vartety of shapes. (Provided by Wlpeter and Wlklmedla.) 

PART 2: PROTOZOA 

Charactertsllcs 
Protozoa (sing., protoZOIITI) are eukaryotic organisms that, 
together with algae, are classified in the second kingdom 
(Protista) of the Five Kingdom System of Classification. 
As previously stated, not all taxonomist5 agree that algae 
and protozoa should be combined in the same kingdom. 
The study of protozoa is called protozoology, and a person 
who studies protozoa is called a protozoologist. 

Most protozoa are unicellular (single-celled), ranging 
in length from 3 to 2,000 ~·Most of them are free-living 
organisms, found in soil and water. Protozoal cells are more 
animal-like than plantlike. All protozoal cells possess a 

avascular) ) 

variety of eukaryotic structures and organelles, including 
cell membranes, nuclei, endoplasmic reticulum, mitochon
dria, Golgi bodies, lysosomes, centrioles, and food vacuoles. 
In addition, some protozoa possess pellicles, cytostomes, 
contractile vacuoles, pseudopodia, cilia, and flagella. Pro
tozoa have no chlorophyll and, therefore, cannot make 
their own food by photosynthesis. 
Some ingest whole algae, yeasts, 
bacteria, and smaller protozoans as 
their source of nutrients, whereas 

r 
Most protozoa 
are single-celled, 
free-living 

others live on dead and decaying ., microorganisms. 
organic matter. 

...., 

) 

Protozoa do not have cell walls, but some, including 
some flagellates and some ciliates, possess a pellicle, which 
serves the same purpose as a cell wall-protection. Some 
flagellates and ciliates ingest food through a primitive mouth 
or opening, called a cytostome. hramecium spp. (common 
,..- ' pond water ciliates) possess both a 

Some nagellates pellicle (thickened cell membrane) 
and ciliates ingest and a cytostome. Some pond water 
food through a protozoa (such as amebae and 
primitive mouth or 
opening, called a Pammecium) contain an organelle 
cytostome. called a «mtrtll:tik vacuole, which 

---------·.) pumps water out of the cell. 
A typical protozoan life cycle 

consists of two stages: the tropho- A typical protozoan 
zoite stage and the cyst stage. The life cycle consists of 
troph()Z()#e is the motile, feeding, two stages: a motile 

trophozoite stage 
dividing stage in a protozoan life and a nonmotile 
cycle, whereas the cyst is the non- cyst stage. 
motile, dormant, survival stage. In "- _) 
some ways (e.g., the presence of a thick. outer wall), cysts 
are like bacterial spores. 

Some protozoa are parasites. Parasitic protozoa break 
down and absorb nutrients from the body of the host in 
which they live. Many parasitic protozoa are pathogens, 
such as those that cause malaria, giardiasis, African sleeping 
sickness, and amebic dysentery (see Chapter 21). Other 
protozoa coexist with the host animal in a type of mutualistic 
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Figure 6·2. Samt of111e m•nr algal and pratDzol folftl in pond waw. A. Ameba sp. 
B. Euglena sp. C. Stentor sp. D. Vorticel/s sp. in extended and contracted 
positions. E. Volvox sp. F. Paramecium sp. (B) and (E) are algae. (A), (C), (D), and 
(F) are protozoa. 

Figure 64. Green algae growing on rocks at 1he edge of 
a freshwater pond in Texas. (Provided by Biomed Ed, Round 
Rock, TX.) 

Figure &-4. Microscopic appearance of Prolotheca cells 
from a stained tissue sample. (Provided by the CDC.) 



symbiotic relationship-a relationship in which both 
organisms benefit. A typical example of such a symbiotic 
relationship is the termite and its intestinal protozoa. The 
protozoa digest the wood eaten by the termite, enabling both 

organisms to absorb the nutrients 
Malaria, giardiasis, necessary for life. Without the 
African sleeping intestinal protozoa, the termite 
sickness, and ame- would be unable to digest the 
bic dysentery are wood that it eats and would starve 
examples of human to death. Symbiotic relationships 
diseases caused by 
parasitic protozoa. are discussed in greater detail in ... _______ .; Chapter 10. 

Classlftcatlon and Medical Slgnlftcance 

Protozoa are some
times classlfted tax
onomically by their 
mode of locomotion. 
Some move by 
pseudopodia, others 
by flagella, others by 
cilia, and some are 
nonmotile. 

In some classification schemes, 
protozoa are divided into groups 
(variously referred to as phyla, 
subphyla, or classes) according 
to their method of locomotion 
(fable 5-2). 

Amebae (or amebas) move by 
means of cytoplasmic extensions 

.) called pseudopodia (sing., pseu-
.... _______ . dopodium; false feet) (Fig. 5-5). 
An ameba (pl., ameb~~e) first extends a pseudopodium in 
the direction it intends to move and then the rest of the 
cell slowly flows into it; this process is called ameboid 
movement. An ameba ingests a food particle (e.g., a 
yeast or bacterial cell) by surrounding the particle with 
pseudopodia, which then fuse together; this process is 
known as phagocytosis. The ingested particle, surrounded 
by a membrane, is referred to as a food vacuole (or pha
gosome). Digestive enzymes, released from lysosomes, 
then digest or break down the food into nutrients. Some 
of the white blood cells in our bodies ingest and digest 

Charactertsdcs of Major Protozoa 
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Figura 6·&. A pond water ameba. 

materials in the same manner as 
amebae. (Phagocytosis by white 
blood cells is discussed further 
in Chapter 15.) When fluids are 
ingested in a similar manner, the 
process is known as pinocytosis. 
One medically important ameba is 
Enttm~oebtZ histtJiytira, which causes 
amebic dysentery (amebiasis) and 
e.x:traintestinal (meaning away 

(-

Amebae(or 
amebas), such as 
Acanthamoeba, 
Entamoeba, and 
Naegleria spp., 
move by means of 
cytoplasmic exten
sions called pseu
dopodia (false teet). , 

~ ~ 

from the intestine) amebic abscesses. Other amebae of 
medical significance, described in Chapter 21, include 
N~~egleria fot»kri (the causative agent of primary amebic 
meningoencephalitis) and Act~nthamoeba spp. (which 
cause eye infections). 
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Ciliates, such as 
Balantidium and 
Paramecium, move 
about by means of 
large numbers of 
halrtlke cilia on their 
surfaces. 

Ciliates (sing., ciliate) move 
about by means ofla.rge numbers 
of hairlike cilia on their surfaces. 
Cilia exhibit an oarlik.e motion. 
Ciliates are the most complex of 
all protozoa. A pathogenic ciliate, 
&ilmtidium coli, causes dysentery in 
underdeveloped countries (Fig. 5-6). 

It is usually transmitted to humans from drinking water 
that has been contaminated by swine feces. B. coli is the only 
ciliated protozoan that causes disease in humans. Ciliates 
such as Paramecium can often be observed in pond water. 

Flagellated protozoa or ftagellates (sing., jblge/late) 
move by means of whiplike flagella. A basal body (also 
called a kinetosome or .kinetoplast) anchors each flagellum 
within the cytoplasm. Flagella exhibit a wavelike motion. 
Some flagellates are pathogenic. For example, TryptmMf11111.1 
bruai, transmitted by the tsetse fly, causes African sleeping 
sickness in humans; TryJJII7U)SO'IIIII cruzi causes American 

trypanosomiasis (Chagas disease); 
Flagellated protozoa Tritbtmi01UlSvsginalir causes persistent 
(or flagellates), such sexually transmitted infections 
as Trypanosoma, (trichomoniasis) of the male and 
Trichomonas, and female genital tracts; and GitmJia 
Giardia spp., move intestinalis (also known as GitmJia 
by means of whip- Iambiia and Gian/.ia tluotJmtdis) 

~-like_fl_ag_e_ll_a. ___ ; causes a persistent diarrheal disease 
(giardiasis; Fig. 5-7). 

Nonmotile protozoa-protozoa lacking pseudopodia, 
flagella, or cilia-are classified together in a category called 
sporozoa. The most important sporozoan pathogens are 
the Plasmodium spp. that cause malaria in many areas of the 
world. Malarial parasites are transmitted by femaleAnopbekr 
mosquitoes, which become infected when they take a blood 
meal from a person infected with malaria. Although not 
endemic to the United States, malaria is often diagnosed 
in travelers who arrive in the United States having been 
infected elsewhere. Another sporozoan, Cryptosporidium 

Figure 11-8. Photomicrograph of Balantidium coli, the 
only ciliated protozoan that cauaes human dleeaae. B. con 
causes a dianheal disease called balantidiasis. Note the 
numerous short cilia (B"ows) around the periphery of the cell. 
(Provided by the Oregon Public Health Laboratory and the 
Division of Parasitic Diseasaa, CDC.) 

Flgul'8 5·7. A digitally colorized scanning electron mJ.. 
crograph of Glanlla Iambiia, a flagellated protozoan that 
cauees a human diarrheal dl8e88e known as giardiasis. 
(Provided by Dr. Stan Erlandsen, Dr. Dennis Feely, and the CDC.) 

ptmn~m, causes severe diarrheal disease (cryptosporidiosis) in 
immunosuppressed patients, especially those with acquired 
immunodeficiency syndrome (AIDS). A 1993 epidemic in 
Milwaukee, WISconsin, caused by Cryptosporidium oocysts 
in drinking water, resulted in more 
than 400,000 cases of cryptospo
ridiosis, including some fatal cases. 
Other pathogenic sporozoans 
include Babesia spp. (the cause of 
babesiosis), Cyciosponl ~ 
(the cause of a diarrheal disease 
called cyclosporiasis), and T~ 
gorulii (the cause of toxoplasmosis). 
Pathogenic protozoa are described 
in Chapter 21. 

PART 3: FUNGI 

Cbaractartstlcs 

Fungi are a diverse group that are 
now classified across three king
doms. Those that are pathogenic 
to humans and animals are placed 

( I 

Babesia, Cryptospo-
ridium, Cyclospora, 
Plasmodium, and 
Toxoplasma spp. 
are examples of 
sporozoan protozoa 
that cause human 
infections. Sporo
zoan protozoa are 
nonmotile. 

'-
I _, 

r- --, 
The study of fungi is 

1 

called mycology. , 
\__ _, 

in the Kingdom Fungi (also called Eumycota) (described 
in Chapter 3). The study of fungi is called mycology, and 
a person who studies fungi is called a mycologist. 

Fungi are found almost everywhere on Earth; some (the 
saprophytic fungi) are living on organic matter in water and 
soil, and others (the parasitic fungt) living on and within 
animals and plants. Some are harmful, whereas others are 
beneficial. Fungi also live on many unlikely materials, causing 
deterioration of leather and plastics and spoilage of jams, 
pickles, and many other foods. Beneficial fungi are important 
in the production of cheeses, beer, wine, and other foods, 
as well as certain drugs (e.g., the immunosuppressant drug 
cyclosporine) and antibiotics (e.g., penicillin). 



It is estimated that fungi are the most diverse group of 
organ1sm on the earth and include yeasts, moulds, and even 
mushrooms. As saprophytes, their main source of food is 
dead and decaying organic matter. Fungi are the "garbage 
disposers" of nature-the "vultures" of the microbial ~rid. 
By secreting digestive enzymes into dead plant and animal 
matrer, they decompose this material into absorbahle nutrients 
for themselves and other living organisms; thus, they are the 
original "recyclers." Imagine living in a world without sapro
phytes, stumbling through endless piles of dead plants and 
animals and animal waste products. Not a pleasant thought! 

Fungi are sometimes incorrectly referred to as plants, 
but they are not. One way that fungi differ from plants 
and algae is that they are not photosynthetic; they have 
no chlorophyll or other photosynthetic pigments. The cell 
walls of algal and plant cells contain cellulose (a polysac-Neither algae nor 

fungi are plants. 
Algae are photosyn
thetic, but fungi are 
not. 

charide), but fungal cell walls do 
not. Fungal cell walls do contain a 
polysaccharide called chitin, which 
is not found in the cell walls of 
any other microorganisms. Chitin 
is also found in the exoskeletons 
of arthropods. 

Although many fungi are unicellular (e.g., yeasts .and 
microsporidia), others grow as filaments called hyphae (m_ng., 
hypha), which intertwine to form a mass called ~ m~celium 
(pl., mycelia; Fig. 5-8) or thallus; thus, they are qwte different 
from bacteria, which are always unicellular. Also remember 
that bacteria are prolcaryotic, whereas fungi are eulwyotic. 
Some fungi have septllk hyphae (meaning that the cytoplasm 
within the hypha is divided into cells by cross-walls or septa), 
whereas others have fiSeptate hyphae (meaning that the cy
toplasm within the hypha is not divided into cells; no septa). 
,..--::...------. ..., Aseptllte hyphae contain multi-

Yeasts and nucleated cytoplasm (described 
microsporidia as being coenocytic). Learning 
are unicellular, whether the fungus possesses 
whereas moulds are 
multicellular. septate or aseptate hyphae is_an 

- ~ important "clue" when attcmptmg 
to identify a fungus that has been isolated from a clinical 
specimen (Fig. 5-9). 

Figure &-8. A variety of fungal colonlee (mycelia) growing 
In a Petri dl1h. 
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Yeulcolany 

Pelrldlsh-

Septum 
l ., 
SeplalB 
hypha (multinuclsaiBd) 

Figure &-8. Fungal colonle1and temus relating to fungal 
hyphae. 

STUDY AID 
Decomposer versus Saprophyte 

The term decomposer relates to what 
an organism "does for a living," so to 
speak-decomposers break down 
materials. The tenn saprophyte (or saprobe) relates to 
how an organism obtains nutrients; saprophytes ab
sorb nutrients from dead and decaying organic matter. 
Sometimes the tenns decomposer and saprophyte 
are used to describe the same organism. For example, 
all saprophytes are decomposers-they decompose 
organic materials, such as corpses, dead plants, and 
feces. However, not all decomposers are saprophytes. 
Some decomposers decompose materials, such as 
minerals, rocks, inorganic industrial wastes, rubber, 
plastic, and textiles. Also note the difference between 
a saprophyte and a parasite. A parasite obtains nu
trients from living organisms, whereas a saprophyte 
obtains nutrients from dead ones. 

Rapraducllon 
Depending on the particular 
species, fungal cells can reproduce 
by budding, hyphal extension, or 
the formation of spores. There 
are two general categories of 
fungal spores: sexual spores and 

One of the ways 
in which fungi re
produce is spore 
production. The 
two general types 
of fungal spores are 
sexual and asexual 

asexual spores. .__s_po_ res_. ____ _ 
Sexual spores are produced by 

the fusion of two gametEs (thus, by the fusion of two nuclei). 
Sexual spores have a variety of names (e.g., ascospores, basid
iospores, and zygospores), depending~ the ew:t ~er ~ 
which they are formed. Fungi are classified tuon01mcally m 
accordance with the type of sexual spore that they produce 
or the type of structure on which the spores are produced 
(Fig. 5-1 0). Asema1 spores are formed in many different 
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A B 

c D 

E F 
Figure &·1 0. Microacopic appearance of various fungi. A. Aspergillus fumigstus. B. Aspergillus flavus. C. Penicillium sp. 
D. Curvularia sp. E. ScopuiB!iopsis sp. F. Histoplasma capsulatum. (Redrawn from Winn WC Jr, et al. Konemsn's Color Atlas 
and Textbook of Diagnostic Microbiology. 6th eel. Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 



ways, but not by the fusion of gametes (Fig. 5-11). H the 
reproductive structure is formed within a sac-like structure 
called a sporangium, then the asexual form is referred to as 
a sporangiospore (or more commocly "spore"). However, if 
the reproductive structure arises from a fungal component 
called a conidiophore, then the spores are referred to as 
,-------. .., conidia (sing., conidium). Fungal 

Asexual fungal 
spores are known 
as conidia or 
spores depending 
upon how they are 

spores and condidia are very re
sistant structures that are carried 
great distances by wind. They are 
resistant to heat, cold, acids, bases, 
and other chemicals. Many people 

formed. ___ .) are allergic to fungal spores. 

Classification 
The taxonomic classification of fungi has undergone sig
nificant changes in recent years. One current classification 

Sporangioeporee 
Rhizopusapec:iee 

a Zygomycete 

Conidia 
Asperpillu$ apec:iee 

Figure 1·11. Photomicrograph of aeexual reproduction 
In Rhlzopw and AllperfllllutJ moulds Illustrating the type8 
ol structures within and upon which aeexual spores are 
produced. (Redrawn from Wlnn WC Jr, et al. Koneman's 
Color Atlas and Textbook of Dlag1108tlc Microbiology. 6th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 
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divides the Kingdom Fungi into iM phyla. Classification 
of fungi into these phyla is based primarily on their mode 
of sexual reproduction. The two phyla known as "lower 
fungi" are the Zygomycot:ina (or Zygomycota) and the 
Chytridiomycotina (or Chytridiomycota). Zygomycotin.a 
include the common bread moulds and other fungi that 
cause food spoilage. Chytridiomycot:ina, which are not 
considered to be true fungi by some taxonomists, live in 
water ("water moulds") and soil. The two phyla known as 
"higher fungi" are the Ascomycotina (or Ascomycot:a) and 
the Basidiomycotina (or Basidiomycota). Ascomycot:ina 
include certain yeasts li1re Ctmdit.lll species, moulds li1re 
Aspergillus and PmicilliJnn, and some fungi that cause plant 
diseases (e.g., Dutch elm disease). Basidiomycot:ina include 
some yeasts li1re CryptoC()C(;'IIS, some fungi that cause skin 
infections and plant diseases, and the large "fleshy fungi" 
that live in the woods (e.g., mushrooms, toadstools, bracket 
fungi, and puffballs). 

Some fungi classification schemes contain a phylum 
c:alled Deuteromycotina (or Deuteromycot:a). This phylum 
is sometimes referred to as the Fungi Imperfecti. Contained 
in this phylum are fungi in which the sexual form of the 
organism has not been discovered or that the organisms 
have lost the ability to perform sexual reproduction. Deu
teromycetes include certain medically important moulds 
such as some species of Aspergillus and yeasts such as Can
dida a/biams. The characteristics of each of these phyla are 
shown in Table 5-3. 

Yea.ata 
Yeasts are eubryotic, single-celled (unicellular) organisms 
that lack mycelia. Individual yeast cells, sometimes referred 
to as blastospores or blastoconidia, can be observed only 
through a microscope. They usually reproduce by budding 
(Fig. 5-12), but occasionally do ( ", 
so by a type of spore formation. Yeasts are micro-
Sometimes a string of elongated scopic, single-celled 
buds is formed; this string of elon- organisms that 

gated buds is called a pseudohypha usually reproduce 
by budding. 

(Jil.,pseudQbypbae). It resembles a \_ _) 

Selected Characteristics of the Phyla of Fungi (Eumycota) 

Type of Type of Sexual Type of Asexual 
Phylum Hyphae Spore Spore Examples 

Zygomycollna Aseptate Zygospore Nonmotile Rhlzopus, Mucor, 
(Zygomycota) sporangloepores Apophysomyces 
Chytrldlomycotlna Aseptate Unknown or spore or Motile zoospores Chytrlds (no human 
(Chybidiomycota) sporangium pathogens) 
Ascomycotina Septate Ascospore Conidia Aspergillus, Fusarium, 
(Ascomycota) Histoplasma, some candida 
Basidiomycotina Septate Basidiospore Rare Cryptococcus, 
(Basidiomycota) Trichosporon, Mslsssezia 
Microsporidia None None None Nosema, Enterocytozoon 
Deuteromycotlna Septate None observed Conidia Candida alb/cans 
(Deuteromycota) 
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Figura 5·12. Gram-etalned bronchoalveolar lavage spec
Imen containing four darkly stained, narrow-necked, bud
ding yeaata. auggeatlve ot' a CJwtocaccu• apeclea. The 
negatively stained halos surrounding the yeast cells are dense 
polysaccharide capsules. (From Marler LM, et al. Direct Smear 
Attas. Philadelphia, PA: UpplncoH Williams & Wilkins; 2001 .) 

hypha, but it is not a hypha (Fig. 5 -13). Some yeasts produce 
thick -walled, sporelilre structures called chla.mydospores 
(or chla.mydoconidia). 

Yeasts are found in soil and water and on the skins of 
many fruits and vegetables. Wme, beer, and alcoholic bever
ages had been produced for centuries before Louis Pasteur 
discovered that naturally occurring yeasts on the skin of 
grapes and other fruits and grains were responsible for these 
fermentation processes. The common yeast Saaharrmzyces 
&emJisiM ("baker's yeast") ferments sugar to alcohol under 
anaerobic conditions. Under aerobic conditions, this yeast 
breaks down simple sugars to carbon dioxide and water; 
fur this reason, it has long been used as a leavening agent 

Figure 11-13. Mlcroecoplc examination ot' a culture ot' 
Candida alblcaiJ8; ahown here are (A) chtamyodoeporel, 
(B) peeudohyphae (elongated yeast cella, a,ked end to end), 
and (C) budding yeast cella (blutoeporee). (From Davis BD, 
et al. Microbiology. 4th ed. Philadelphia, PA: Harper& Row; 1987.) 

in bread production. Yeasts are r C. a/bicans and 
also a good source of nutrients for c. neoformans are 
humans because they produce many examples of yeasts 
vitamins and proteins. Some yeasts that cause human 
(e.g., C. albiam.r and Cryptococcus infections. 
neofomumr) are human pathogens. ~,.. _______ ) 

C. t#biam.r is the yeast most frequently isolated from human 
clinical specimens, and is also the fungus most frequently 
isolated from human clinical specimens. 

In the laboratory, yeasts produce colonies that are quite 
similar in appearance to bacterial colonies (Fig. 5-14). To 
distinguish between a yeast colony and a bacterial colony, a 
wet mount can be perfurmed. A small portion of the colony 
is mixed with a drop of water or saline on a microscope 
slide, a coverslip is added, and the preparation is examined 
under the microscope. Alternatively, the preparation can 
be stained using the Gram-staining procedure. Yeasts are 
usually larger than bacteria (ranging from 3 to 8 J.Lm in 
diameter) and are usually oval shaped; some may be ob
served in the process of budding (Fig. 5-15). Bacteria do 
not produce buds. 

Moulds 
Although this category of fungi is frequently spelled "molds," 
mycologists prefer to use "moulds." Moulds are the fungi 
often seen in water and soil and on food (Fig. 5 -16). They 
grow in the form of cytoplasmic filaments or hyphae that 
make up the mycelium of the mould. Some of the hyphae 
(called aerial hyphae) extend above the surface of whatever 
the mould is growing on, and some (called vegetative hyphae) 
are beneath the surface (Fig. 5-9). Reproduction is by spore 
formation, either sexually or asemally, on the aerial hyphae; 
for this reason, aerial hyphae are sometimes referred to as 
reproductive hyphae. Various species of moulds are fuund 
in each of the classes of fungi except the Microsporidia. 
Although there are no known human pathogens in the class 
Chytridiomycotina, it does contain an interesting mould 
called Pbytophthom infostans. This is the potato blight mould 
that caused a famine in Ireland in the mid-19th century 
(see the following Historical Note). 

Figure 11-14. Colonies ot' the yeast, C. alblcans, on a blood 
agar plate. Upon close examination with a hand lens, one can 
observe the fcotlike extensions from the margins ofthe colo
nies, which are typical of this species. (From Winn we Jr, et al. 
Koneman's Color Atlas and Textbook of Diagnostic Microbiology. 
6th ed. Philadelphia, PA: UppincoH Williams & Wilkins; 2008.) 



HISTORICAL 
NOTE 
The Great Potato Famine 

Although St. Patrick may have 
driven the snakes out of Ira
land, it was a mould named 

P. infestans that drove away 
many of the Irish people. 
The mould killed off Ireland's 
potato crops in 1845, 1846, 

and 1848, causing more than 
1 million people to die of starvation and of illnesses 
resulting from malnutrition. When their crops failed, 
many people could not pay their rent; about 800,000 
were forced out of their homes. Nearly 2 million Irish 
abandoned their homeland to start new lives in Amer
ica and other countries; many died aboard ship while 
en route. Ireland lost about one-third of its population 
between 1847 and 1860. Some blamed the "little peo
ple• for the potato disease, whereas others blamed the 
devil. It was not until 1861 that Antoine de Bary proved 
that it was a fungus that had caused the blight. •Late 
blight of potato• was the first disease known with cer
tainty to be caused by a microorganism. 

Moulds have great commercial importance. For 
example, within the Ascomycotina are found many 
antibiotic-producing moulds, such as Penicillium and 
Ammonium. Penicillin, the first antibiotic to be discovered 

Figure a-us. Photomicrograph of Gram-stained wound 
aeplrate Illustrating the alze dltferencea between 
yeast., bacteria, and white blood cella. Included in this 
photomicrograph are numerous white blood cells (red objects), 
two blue-stained budding yeast cells (top, center), and several 
Gram-positive cocci (small blue spheres near the bottom). 
The yeasl and bacterial cells have been phagocytized by 
white blood cells. (From Marler L.M, et al. Direct Smear Atlas. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2001.) 
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Figure 5-1 a. A variety of moulda growing on bread. 
(Provided by Blomed Ed, Round Rock, TX.) 

by a scientist, was actually dis- r Many of the com- 1 

covered by accident (discussed monly uaed antibiot-
in Chapter 9). Many additional ics are produced by 
antibiotics were later developed moulds. 

1 
by culturing soil samples in lab- ...__ __, 
oratories and isolating any moulds that inhibited growth 
of bacteria. Today, to increase their spectrum. of activity, 
antibiotics can be chemically altered in pharmaceutical 
company laboratories, as has been done with the various 
semisynthetic penicillins (e.g., ampicillin, amoxicillin, 
and nafcillin). 

Some moulds are also used to produce large quantities 
of enzymes (such as amylase, which converts starch to 
glucose), citric acid, and other organic acids that are used 
commercially. The flavor of cheeses, such as blue cheese, 
Roquefort, camembert, and Iimburger, is the result of 
moulds that grow in them.. 

Dimorphic Fungi. A few fungi, including some hu
man pathogens, can live either as yeasts or as moulds, 
depending on growth conditions. This phenomenon is 
called dimorphism, and the organisms are referred to as 
diml>rphicftmgi (Fig. 5-17). When growing in the body or 
at an incubation temperature of 3 7°C, dimorphic fungi 
exist as unicellular yeasts and produce yeast colonies. 
However, when growing in the environment or in vitro 
at room temperature (25°C}, dimorphic fungi exist as 
moulds, producing mould colonies (mycelia). Dimorphic 
fungi that cause human diseases include Histoplasma 
capsulatum (which causes histoplasmosis), Sporothrix 
scbmckii (which causes sporo
trichosis), Coccidioides immitis 
and Coccidioidu posadasii (which 
cause coccidioidomycosis), and 
Blastomyces tkrmatitillis (which 
causes blastomycosis). 

' o· h' 1 · 
1 

1morp 1c ung1 can 
live either as yeasts 
or as moulds, de
pending on growth 
conditions. , 

"·------~" 
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F"18UI8 5-17. Photomicn)graphs of dimorptjam ill.n'ating the dimorphic fwlgus, H. capsulatum, being gft)Wn at 25"C (A) and at 
3'1"C (B). (From Schaater M. et al., eds. Mechanisms of Miclobial Disease. 3rd ed. Philadelphia. PA: Lippincott Williams & Wilkins; 1999.) 

Microspotidia. A new inclusion in the Kingdom 
Eumycota are a diverse group of organisms called the 
microsporidia. Microsporidia are obligate intracellular 
parasitic fungi. For many years, they were classified with 
the protozoa. However, molecular studies have confirmed 
them to share more characteristics with members of the 
Ewnycota. Microsporidia are small in size (1 ~ ~; about 
the size of a bacterium). They possess a unique organelle 
called the polar filament (Fig. 5-18). This organelle is 
coiled around inside the microsporidial spore. When 
the organism infects another cell, it extrudes the polar 
filament, which penetrates the recipient cell. The spore 
then injects its genetic material (called sporoplasm) into 
the cell through the polar filament. Replication within 
the cell produces many spores that are then released to 
continue the life cycle. The spore is extremely resistant 
and can survive for long periods in the environment. 
Microsporidia mainly cause infections in immunocom
promised hosts, and although they have been found in 
many different sites of infection in humans, they mainly 
cause infection in the eye or the gastrointestinal tract 
(e.g., diarrhea and malabsorption). 

Fleshy Fungi 
The large fungi that are encountered in forests, such as 
mushrooms, toadstools, puffballs, and bracket fungi, are 

Endospore 

Exospore 

~-Polar filament 
(polar tube) 

--......._ Nucleus 

Figure 5-18. Drawmg of a microaporidialspore showing 
the polar filament coiled around the Interior of the spore. 

collectively refetted to as fleshy fungi (Fig. 5-19). Obviously, 
they are not microorganisms. Mushrooms are a class of true 
fungi that consist of a network of filaments or strands (the 
mycelium) that grow in the soil or in a rotting log, and a 
fruiting body (the mushroom that rises above the ground) 
that forms and releases spores. Each spore, much like the 
seed of a plant, germinates into a new organism. Many 



Figure 5·11. Fleshy fungi growing on the forest floor. The 
toxins produced by some fleshy fungi, such as the Amanita 
species shown here, can cause human disease. (Provided by 
Blomed Ed, Round Rock, lX.) 

I" 

Mushrooms, toad
stools, puffballs, 
and bracket fungi 
(collectively referred 
to as fleshy fungQ 
are examples of 
fungi that are not 
microorganisms. 

1 mushrooms are delicious to eat, 
but others, including some that 
resemble edible fungi, are extremely 
toxic and may cause permanent 
liver and brain damage or death 
if ingested. (t 1 Point contains in
formation about the largest living 

.) organism-a type of mushroom.) 
~--------------

Medical Significance 
A variety of fungi (including yeasts, moulds, and some 
fleshy fungi) are of medical, veterinary, and agricultural 
importance because of the diseases they cause in humans, 
animals, and plants. Many diseases of crop plants, grains, 
com, and potatoes are caused by moulds. Some of these 
plant diseases are referred to as blights and rusts. Not only 
do these fungi destroy crops, but some produce toxins 
(mycoto.rins) that cause disease in humans and animals 

Category 

Yeasts 

Moulds 

Dimorphic fungi 

Mlcrosporldla 
Other 

Qenus!Species 

C. albicans 
Cryptococcus neoformsns 
AJJpergiHus spp. 
Mucor and Rhlzopus spp. and 
other species of bread moulds 
Various dermatophytes 
Blastomyces dermatitidis 
Coccidioides immitis and 
Coccidioides possdssii 
Histoplasma capsulatum 
Sp010thrlx schenckfl 
Nosema. Enterocytozoon 
Pneumocystis jiroveci 
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(discussed in Appendix 1 on (' --I 

A variety of yeasts 
·rr Pcinl"Microbial Intoxications"). 

Moulds and yeasts also cause a 
variety of infectious diseases of 
humans and animals-collectively 
referred to as mycoses (discussed 
below and in Chapter 20). 
Considering the large number 
of fungal species, very few are 
pathogenic for humans. 

Fungallnlacllana of Human• 
'-

and moulds cause 
human infections 
(known as myco
ses). Some moulds 
and fleshy fungi pro
duce mycotoxins, 
which can cause 
human diseases 
called microbial 
intoxications. I _, 

Fungal infections are known as mycoses (sing., mycosis), 
and are categorized as superficial, cutaneous, subcutane
ous, or systemic myt:oses. In some cases, the infection may 
progress through all these stages. Representative mycoses 
are listed in Table S-4. 

Superficial and Cutaneous Mycoses. Superficial 
mycoses are fungal infections of the outermost areas of 
the human body, such as hair, fingernails, toenails, and 
the dead, outermost layers of the skin (the epidermis). 
Cutaneous mycoses are fungal infections of the living 
layers of the skin (the dermis). A group of moulds, 
collectively referred to as dermatophytes, cause tinea 
infections, which are often referred to as "ringworm" 
infections. (Please note that ringworm infections have 
absolutely nothing to do with worms.) Tinea infections 
are named in accordance with the part of the anatomy 
that is infected; examples include 
tinea pedis (athlete's foot), tinea 
unguium (fingernails and toenails), 
tinea capitis (scalp), tinea barbae 
(face and neck), tinea corporis 
(trunk of the body), and tinea 
cruris (groin area). 

f The moulds that - - ,1 

cause tinea (ring
wonm) infections 

Diseases 

are collectively 
referred to as 
dermatophytes. 

~-

Thrush; yeast vaginitis, nail infections, systemic infection 
Cryptococcosis Qung infection, meningitis, etc.) 
Aspergillosis Qung infection, systemic infection) 
Mucormycosis or zygomycosls Oung Infection, systemic 
Infection) 
Tinea {"ringworm") infections 
Blastomycosis (primarily a disease of the lungs and skin) 
Coccidioidomycosis (lung infection, systemic infection) 

Histoplasmosis Qung infection, systemic infection) 
Sporobtchosls (a skin disease) 
Eye Infections, diarrhea 
Pneumocystis pneumonia {PCPIPJP) 

I _ , 

~ ............................................................................................................................................ --1 
PCP, Pnaumocystis csrlnJf pneumonia; PJP, Pnaumocyst/s jlrovecl pneumonia. 
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C.lllhiams is an opportunistic ~ast that lives hannlessly 
on the skin and mucous membranes of the mouth, gastro
intestinal tract, and genit.ourin2ry tract. However, when 
conditions cause a reduction in the number of indigenous 
bacteria at these anatomic locations, C.lllbiams flourishes, 
leading to yeast infections of the mouth (thrush), skin, and 
vagina (yeast vaginitis). This type of local infection may 
become a focal site from which the organisms invade the 
bloodstream to become a generalized or systemic infection 
in many internal areas of the body. 

Subcutaneous and Systemic Mycoses. Subcutaneous 
and systemic mycoses are more severe types of mycoses. 
Subcutaneous mycoses are fungal infections of the dermis 
and underlying tissues. Usually, these infections arise from 
traumatic implantation of the organism into the subcutane-

r 

.., ous tissue. These conditions can 
Subcu~neous and be quite grotesque in appearance. 
systemic mycoses An example is Madura foot (a 
are more severe f ,.1,...,... • ) • 
types of mycoses. type 0 e ........... rvtiC mycetoma I m 

~ .J which the patient's foot becomes 
covered with large, unsighdy, fungus-containing bumps 
(see Fig. 20-3 in Chapter 20). 

Systemic or generalized mycoses are fungal infections 
of internal organs of the body, sometimes affecting two 
or more different organ systems simultaneously (e.g., 
simultaneous infection of the respiratory system and the 
bloodstream, or simul~eous infection of the respiratory 
tract and the central nervous system). 

Conidia of some pathogenic fungi may be inhaled with 
dust from contaminated soil or dried bird and bat feces 
(guano), or they may enter through wounds of the hands 
and feet. H the conidia are inhaled into the lungs, they may 
germinate there to cause a respiratory infection similar to 
tuberculosis. Examples of deep-seated pulmonary infections 
are blastomycosis, coccidioidomycosis, cryptococcosis, and 
histoplasmosis. In each case, the pathogens may invade 
further to cause widespread systemic infections, especially 
in immunosuppressed individuals. 

Did you know that common bread moulds can cause 
human disease-even death? Inhalation of spores of bread 
moulds such as Rhi7Apus and Mwor spp. by an immuno
suppressed patient can lead to a respiratory disease called 
zygomycosis or mucormycosis. The mould can then become 
disseminated throughout the patient's body and can lead to 
death. Rbizopas, M11e0r, and other bread moulds are primitive 
moulds with aseptate hyphae.& previously mentioned, the 
cytoplasm of aseptate hyphae is not divided into individual 
cells by cross-walls (septa). 

Laboratory Diagnosis of Fungal Infections. To di
agnose mycoses, clinical specimens are submitted to the 
mycology section of the clinical microbiology laboratory 
(discussed in Chapter 13). When isolated from clinical 
specimens, yeasts are often identified to the species level 

by inoculating them into a series ,- "'• 
In the mycology lab-

of biochemical tests. In this way, oratory, yeasts are 
the laboratory technologist can often identified to 
determine which substrates (usually the species level by 
carbohydrates) the yeast is able determining which 
to use as nuttients, depending on substrates they 

are able to use as 
what enzymes the yeast possesses. nutrients. 
Miniaturized biochemical test '"------
systems called minisystems are commercially available for 
the identification of clinically impo~t yeasts. 

Biochemical tests are rarely used, however, for the 
identification of moulds isolated from clinical specimens. 
Rather, moulds are identified by a combination of macro
scopic and microscopic obserwtions and the speed at which 
they grow. Macroscopic observations include the color, 
te.tture, and topography of the mould colony (mycelium). 
Microscopic enmination of the mould reveals the types 
of structures on which or within which spores or conidia 
are produced (Fig. S-1 0); the method of spore production 
varies from one species of mould 
to another. Immunodiagnostic In the mycology 
procedures, including skin tests, laboratory, moulds 
are also available for diagnosing are identified by a 

combination of mac
cert2in types of mycoses, as are ro.scopic and micro-
newer molecular-based methods scopic observations 
discussed in Chapter 13 · and the speed at 

Mycoses are most effectively which 1tley grow. 
treated with antifungal agent~, such "- .J 

as nystatin, amphotericin B, an azole, or an echinocandin 
(discussed in Chapter 9). Because these chemotherapeutic 
agents may be toxic to humans, they are prescribed with 
due consideration and caution. 

PART 4: LICHENS 

Nearly everyone has seen lichens, usually while hiking in 
the woods (Fig. 5-20).c They appear as colored, often cir
cular patches on tree trunks and rocks. For many years, it 
was thought that a lichen represents a combination of two 

organisms-an alga (or a cyanobacterium) and a filamentous 
fungus-living together in such a close relationship that 
they appear to be one organism. Recent evidence suggests 
that a third party-a yeast-may also be present, embed
ded in the cortex of the lichen. Close relationships of this 
type are referred to as symbiotic , 
relationships, and the partners in A lichen is a 

1 

the relationship are referred to as combination ~two 
symbionts. A lichen represents a or three organiSITls: 
particular type of symbiotic rela- an alga (or a 
tl. nshi 1m tuali cyanobacterium), a o p own as mu sm-a 

1a . hi . hich all . fungus, and a yeast. re t:Ions · p m w parties \_ j 

'Lichens arc sometimes misidentified as mosses (e.g., lichen
covered rocks are frequently referred tD as "moss-oovcred" rocks). 
Mosses are plants, whereas lichens are not. 
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benefit (discussed further in Chapter 10). Lichens are 
classified as protists. They are not associated with human 
disease, but some substances produced by lichens have been 
shown to have antibacterial properties. 

PART 5: SLIME MOULDS 

Flaure 5·20. A tolloee lichen In Colorado. (Provided by 
Blomed Ed, Round Rock, TX.) 

Slime moulds, which are found in soil and on rotting 
logs, have both fungal and protozoal characteristics and 
have recently been transferred out of the Kingdom Fungi 
and placed in the Kingdom Protozoa; thus, they are not 
moulds. Slime moulds have very complex life cycles 
(Fig. S-21) initially starting as an ameba, but progressing 
into a multicellular organism. They are not known to 
cause human disease. 

--

- Stalk cells 

Sporangiophore 

r Stalkcells 

~-----------·~) 

)or ~ ----1- --..... 
Germinating spore 

Ameba cells ffi-, 
that eat bacteria ~ 

.. 

Aggregation 

lllgratlon stege 
(slug} 

Flaure 5·21. ure cycle of a slime mould (see text for details). (Provided by Mary Wu, Rich Kessln, Columbia Unlve~lty, and the 
National Science Foundation.) 
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oN the Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• A Closer Look: Sick Building Syndrome (Black 

Mould in Buildings) 
• A Closer Look: The Largest Living Organism 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

SeH·Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following statements are true about 
algae and fungi? 
a. Algae are photosynthetic, wharaas fungi are not 
b. Algal cell walls contain cellulose, whereas 

fungal call walls do not 
c. Fungal cell walls contain chitin, wheraas algal 

call walls do not 
d. All of the above 

2. All of the following are algae except: 
a. desmids 
b. diatoms 
c. dinoflagellates 
d. sporozoa 

3. All of the following are fungi except: 
a. moulds 
b. amebas 
c. microsporidia 
d. yeasts 

4. A protozoan may possess any of the following 
except: 
a. cilia 
b. flagella 
c. hyphae 
d. pseudopodia 

5. Which of the following terms is not associated 
with fungi? 
a. conidia 
b. hyphae 
c. mycelium 
d. pellicle 

6. All of the following tenns can be used to describe 
hyphae except: 
a. aerial and reproductive 
b. septate and &septate 
c. sexual and asexual 
d. vegetative 

7. A lichen usually represents a symbiotic relationship 
between: 
a. a fungus and an ameba 
b. a yeast and an ameba 
c. an alga and a cyanobacterium 
d. an alga and a fungus 

8. 8. A stigma is a: 
a. light-sensing organelle 
b. primitive mouth 
c. thickened membrane 
d. type of plastid 

9. If a dimorphic fungus is causing a respiratory 
infection, which of the following might be seen in 
a sputum specimen from 1hat patient? 
a. amebae 
b. conidia 
c. hyphae 
d. yeasts 

10. Which one of the following is not a fungus? 
a. Aspergillus 
b. Candida 
c. Penicillium 
d. Pmtotheca 
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After stuct,lng this chapter, you should be able to: 

CHAPTER 

Artist rendering of a d~rlbonuclelc 
acid (DNA) molecule. 

Proteins 
Amino Acid Structure 
Protein Strocture 
Enzymes 

Nucleic Acids 
Function 
Sttucture 
DNA Sttucture 
DNA Replication 
Gene Expression 

• Name the four main categories of biochemical 
molecules discussed in this chapter 

• Discuss the roles of enzymes in metabolism 

• State the major differences between trioses, tetroses, 
pentoses, hexoses, and heptoses 

• Describe monosaccharides, disaccharides, and 
polysaccharides, and cite two examples of each 

• Define the terms apoenzyme, cofactor, coenzyme, 
holoenzyme, and substrate 

• Cite three important differences between the 
structures of deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) 

• Compare and contrast a dehydration synthesis 
reaction and a hydrolysis reacdon, and cite an 
example of each 

• State the major differences between DNA nucleotides 
and RNA nudeoddes 

• Differentiate between covalent, glycosidic, and 
peptide bonds 

• Define what Is meant by '"the Central Dogma"' 
• Describe the processes of DNA replication, 

transcrfpdon, and translation 
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INTRODUCTION 

Some students are surprised to learn that they must study 
chemistry as part of a microbiology course. The reason 
why chemistry is an important component of a microbi
ology course is the answer to the question, "What exactly 
is a microorganism?" A cellular microbe can be thought 
of as a "bag" of chemicals that interact with each other in 
various ways. Even the bag itself is composed of chemi
cals. Everything a microorganism is and does relates to 
chemistry. The various ways microorganisms function 

Cells can be thought 
of as •bags• of 
chemicals. Even the 
bags themselves 
are composed of 
chemicals. 

and survive in their environment 
depend on their chemical makeup. 
The same things are true about 
the cells that make up any living 
organisms-including human 
beings; these cells, too, can be 

~-------.) thought of as bags of chemicals. 
To understand microbial cells and how they function, 

one must have a basic knowledge of the chemistry of atoms, 
molecules, and compounds. Appendix 3 on- ?'oint ("Basic 
ChemistryConceptsj contains such information. Students 
having little or no background in chemistry should study 
the material in Appendix 3 before attempting to learn the 
material in this chapter. Appendix 3 can also serve as a re
view for students who have already studied basic chemistry, 
either in a biology course or in an introductory chemistry 
course. Your instructor will inform you as to whether the 
material in Appendix 3 is "testable." 

Even the most simple prolwyotic cells consist of very 
large molecules ('lltllm111P)/~cuks), such as DNA, RNA, 
proteins, lipids, and polysaccharides, as well as many 
combinations of these macromolecules that combine 
to mak:e up structures such as capsules, cell walls, cell 
membranes, and flagella. These macromolecules can be 
broken down into smaller units or "building blocks~" 
such as monosaccharides (simple sugars)~ fatty acids, 
amino acids, and nucleotides. The macromolecules and 

building bloch found in cells are 
..--Cells contain many --.., collectively referred to as bwlogic 

large biologic mol- 111()/ecuks. The building blocks 
ecules, known as can be broken down into even 
macromolecules. smaller molecules such as water, 
Macromolecules carbon dioxide, ammonia, sui-
include DNA, RNA, fides, and phosphates, which, in 
proteins, lipids, and tum, can be broken down into 
polysaccharides. atoms of carbon (C), hydrogen 

(H), oxygen (0), nitrogen (N), 
sulfur (S), phosphorus (P), and so on. 

Organic chemistry is the study of compounds that con
tain carbon; inorganic chemistry involves all other chemical 
reactions; biochemistry is the chemistry of living cells. 
Basic inorganic chemistry is introduced in Appendix 3 on 
t I· Point ("Basic Chemistry Concept:sj; organic chemistry 
and biochemistry are discussed in this chapter. 

Only when all these molecules and compounds are in 
place and working together properly can the cell function 

lilre a well-managed factory. As in industry, a cell must have 
the appropriate machinery, regulatory molecules (enzymes) 
to control its activities, fuel (nutrients or light) to provide 
energy~ and raw materials (nutrients) for manufacturing 
essential end products. 

Everything that a microorganism is and does involves 
biochemistry. Biochemicals make up the structure of a 
microorganism, and a multitude of biochemical reactions 
takes place within the microorganism. What is true for cel
lular microbes is also true for every other living organism. 
The characteristics that distinguish living organisms from 
inanimate objects-(a) their complex and highly organized 
structure; (b) their ability to extract, 
transform, and use energy from Everything that a 
their environment; and (c) their cell is and does in
capacity for precise self-replication ..._valves biochemistry. J 1 

and self-assembly-all result from 
the nature, function, and interaction ofbiomolecules. Be
cause biochemistry is a branch of organic chemistry, a brief 
introduction to organic chemistry will be presented first. 

ORGANIC CHEMISTRY 

Organic compounds are compounds that cont2in carbon, and 
organic chemistry is that branch of the science of chemistry 
that specializes in the study of organic compounds. The term 

urgtmk is somewhat misleading because it implies that all these 
compounds are produced by or are in some way related to 
living organisms. This is not true. Although some organic 
compounds are associated with 
living organisms, many are not. A Organic compounds 
typical E.rcherichill coli cell contains are compounds 
more than 6,000 different kinds that contain carbon. 
of organic compounds, including Although many or-
about 3 ~000 different proteins and ganic compounds 

are produced by 
approximately the same number or related to living 
of different molecules of nucleic organisms, some 
acid. Proteins malce up about 15% are not. 
of the total weight of an E. coli cell, \.. ) 
whereas nucleic acids, polysaccharides, and lipids make up 
about 7%, 3%, and 2%, respectively. 

Organic chemistry is a broad and important branch of 
chemistry, involving the chemistry of fossil fuels (petroleum 
and coal), dyes, drugs, paper, ink, paints, plastics, gasoline, 
rubber tires, food, and clothing. The number of compounds 
that contain carbon far exceeds the number of compounds 
that do not contain carbon. Some carbon-containing com
pounds are very large and complex, with some containing 
thousands of atoms. 

C&rban Bonds 
In our current understanding of life~ carbon is the primary 
requisite for all living systems. The element carbon exists 
in three forms or allotropes: amorphous carbon, graphite, 
and diamond. 



1. Amorphous carbon is also known as lampblack, gas 
black:. clwmel black. and carbon black. It is the black 
soot that is formed when a material containing carbon is 
burned with i.n.sufficient oxygen for it to burn completely. 
It is used to make inks, paints, rubber products, and the 
cores of dry cell batteries. 

2. Graphite is one of the softest materials Icnown. It is 
primarily used as a lubricant. although in a form called 
coke, is used in the production of steel. The black material 
in "lead" pencils is actually graphite. 

3. Diamond is one of the hardest substances known. 
Naturally occurring diamonds are used for jewelry, 
whereas artificially produced diamonds are used to ma.ke 
diamond-tipped saw blades. 

These three forms of carbon have dramatically different 
physical properties, making it difficult to believe that they 
are truly the same element. Carbon atoms have a valence 
of 4; that is, a carbon atom can bond to four other atoms. 
For convenience, the carbon atom is illustrated in this text 
with the symbol C and four bonds. 

I 
-c-

1 

The uniqueness of carbon lies in the ability of its atnms to 
bond tn each other to furm a multitude of compounds. The 
variety of carbon compounds increases still more when atoms of 
other elements also attach in different ways tn the carbon atnm. 

There are three ways in which carbon atoms can bond 
to each other: single bond, double bond, and triple bond. 
In the following illustrations, each line between the carbon 
atoms represents a pair of shared electrons (known as a 
CO'IJIIient boml). In a carbon-<:arbon single bond, the two 
carbon atoms share one pair of electrons; in a carbon
carbon double bond, two pairs of electrons; and in a car
bon-carbon triple bond, three pairs of electrons. Covalent 
bonds are typical of the compounds of carbon and are the 

Organic chemistry is 
sometimes defined 
as the chemistry of 
carbon and its cova
lent bonds. 

I I 
·-C-C-

I I 
Single bond 

bonds of primary importance 
in organic chemistry. Organic 
chemistry is sometimes defined 
as the chemistry of carbon and 
its covalent bonds. 

-C=C-

Double bond Triple bond 

When atoms of other elements attach to the available 
1 bonds of carbon atoms, compounds 

Hydrocarbons are are formed. For enmple, if only 
organic compounds hydrogen atoms are bonded to 
that contain the available bonds, compounds 
only carbon and called hydrocarbons are formed. In 
hydrogen . .... ______ ___....; other words, a hydrocarbon is an 
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H 

I 
H H " .,., .. H-C-H 

I 
H 

c=c H-c==c-H 
/ ....... 

H H 

Methane Ethylene Acetylene 

Figure 11-1. Simple hydrocarbons. 

organic molecule that contains only carbon and hydrogen 
atoms. Just a few of the many hydrocarbon compounds are 
shown in Figure 6-1. 

When more than two carbons are linked together, 
longer molecules are funned. A series of many carbon at
oms bonded together is referred to as a cham. Long-chain 
carbon compounds are usually liquids or solids, whereas 
short-cha.in carbon compounds, such as the hydrocarbons 
shown in Figure 6-1, are gases. 

Cyclic Compounds 

Carbon atoms may link to carbon atoms to close the chain, 
funning rings or cyclic cqmpounds. An example is benzene, 
which has six carbons and six hydrogens, as shown in 
Figure 6-2. Although benzene contains six carbon atoms, 
other ring structures contain fuwer or more carbon atoms, 
and some compounds contain fused rings (e.g., double- or 
triple-ringed compounds). 

BIOCHEMISTRY 

Biochemistry is the study of biology at the molecular level 
and can thus be thought of as the chemistry of life or the 
chemistry of living organisms. Biochemistry is a branch of 
not only biology but also organic chemistry. Biochemistry 
involves the study of the biomolecules that are present 
within living organisms. These biomolecules are usually 
large molecules (called 1114mY11101ecuJes) and include carbo
hydrates, lipids, proteins, and nucleic acids. Other examples 
of biomolecules are vitamins, enzymes, hormones, and 

H 
I 
c H....__/' / H c c 

II I 
.......--c, / c' 

H "-c H 

I 
H 

Figura 11-2. The benzene ring. 
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Biochemistry in- energy-carrying molecules, such 
volves the study of as adenosine triphosphate (ATP). 
biomolecules and Humans obtain their nutrients 
can be thought of from the foods they eat. The 
as both a branch carbohydrates, fats, nucleic acids, 
of chemistry and a and proteins contained in these 
branch of biology. foods are digested, and their 

... ________ ; components are absorbed into 

the blood and carried to every cell in the body. Within 
cells, these components are then broken down andre
arranged. In this way, the compounds necessary for cell 
structure and function are synthesized. Microorganisms 
also absorb their essential nutrients into the cell by various 
means (described in Chapter 7). These nutrients are then 
used in metabolic reactions as sources of energy and as 
building blocks for enzymes, structural macromolecules, 
and genetic materials. 

carbohydrates 

Carbohydrates are biomolecules composed of carbon, 
hydrogen, and oxygen in the ratio of 1:2:1, or simply 

CH20. Glucose, fructose, sucrose, 
lactose, maltose, starch, cellulose, 
and glycogen are all examples of 
carbohydrates. 

(' .... , 
Carbohydrates are 
biomolecules com
posed of carbon, 
hydrogen, and ox
ygen in the ratio of 

Monosaccharides 1:2:1. 
The simplest carbohydrates are .... _______ } 

sugars, and the smallest sugars 
(or simple sugars) are called monosaccharides (Greek mono 
meaning "one"; mlrchanm meaning "sugar"). The "one" refers 
to the number of rings; in other words, monosaccharides are 
sugars composed of only one ring. 
The most important monosaccha
ride in nature is glucose (CJI120J, 
which may occur as a chain or in 
alpha or beta ring configurations, 

The simplest car
bohydrates are 
simple sugars or 
monosaccharides. 
Trtoses, pentoses, 

asshowninFigure6-3.Monosac- and hexoses 
charides may contain from three are examples of 
to nine carbon atoms (I'able 6-1 ), monosaccharides. 
although most of them contain five ...___ __,.' 
or six. A three-carbon monosaccharide is called a triose; one 
containing four carbons is called a tetrose; five, a pentose; 

1
CHzOH 
I 5C-a 

1 ~ } Aldehyde group 1 Cltz()H 
c-o . 1 

21 5c-o H/ 1 \ H 
4

1 H I 
C 1C 
1\. OH H/ 1 

~C-OH H / 1 \ OH 
I 1/ H I 
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3
C-H ,._ 4 C 1C 
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I I 
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4
C-OH HO '\G 21 H 
I c·-C 

tt-SC-OH I I 
1

1 H OH 
CH1 0H 

Glucose, 
straight-chain 

form 

p.Giucose 

Figura 8-3. Fonns of glucose. All three forms may exist in equilibrium in solution. 

-----------------------------------------------------------------~ 

·1 Monosaccharides · 

Number of Carbon Atoms General Name 

3 Triose 
4 Tetrose 
5 Pentose 
6 Hexose 
7 Heptose 
8 0~088 

9 Nonose 

Examples 

Glyceraldehyde (glycerose), dlhydroxyacetone 
Erythrose 
Ribose, deoxyribose, arabinose, xylose, ribulose 
Glucose, fructose, galactose, mannose 
Sedoheptulose, mannoheptulosa 
Octoaes have been synthetically prepared; they do not 
occur in nature 
Neuraminic acid 

) 
~--------------------------------~ 
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Figure 8-4. FructoN In etralght-chaln 
fonn. Fructose may also exist in the ring 
form, as shown in Figure 6-5. 

six, a hexose; seven, a heptose; eight, an octose; and nine, a 
nonose. Ribose and deoxyribose are pentoses that are round 
in RNA and DNA, respectively. Glucose (also called dert.ro.re) 
is a hexose. Octoses and nonoses are quite rare. 

Glucose, the main source of energy for body cells, is 
found in most sweet fruits and in blood. The glucose that 
is carried in the blood to the cells is oxidized to produce 
the energy-carrying molecule ATP, with its high-energy 
phosphate bonds. ATP molecules are the main source of 
the energy that is used to drive most metabolic reactions 
(discussed in Chapter 7). Galactose and fructose are other 
examples of hexoses. Fructose (Fig. 6-4), the sweetest of 
the monosaccharides, is found in fruits and honey. 

Dlsaccharldas 
Disaccharides (Ji meaning "two") are double-ringed sugars 
that result from the combination of two monosaccharides. 
The synthesis of a disaccharide from two monosaccharides 
by removal of a water molecule is called a dehydration 
synthesis reaction (Fig. 6-5). The bond holding the two 
monosaccharides together is called a glycosidic bond; it 
is a type of covalent bond. Glucose is the major constit
uent of disaccharides. Sucrose (table sugar) is a sweet 
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disaccharide formed by joining 
together a glucose molecule 
and a fructose molecule. Su-

( ~ 
Sucrose, lactose, 
and maltose 
are examples of 

erose comes from sugar cane, disaccharides. 
sugar beets, and maple sugar. •.___ __,' 
Lactose (milk: sugar) and maltose (malt sugar) are also 
disaccharides. Lactose is formed by joining together a 
molecule of glucose and a molecule of galactose. People 
who lack: the digestive enzyme lactase, needed to split 
lactose into its monosaccharide components, are said to 
be lactose intolerant. Maltose is formed by combining 
two molecules of glucose. 

Disaccharides react with water in a process called a 
hydrolysis reaction, which causes them to break down into 
two monosaccharides: 

disaccharide + H 20 ~ two monosaccharides 
sucrose + H 20 ~ glucose + fructose 
lactose+ H 20 ~glucose+ galactose 

maltose + H 20 ~ glucose + glucose 

Peptidoglycan (mentioned in Chapter 3) is a complex 
macromolecular network: found in the cell walls of all 
members of the Domain B~. Peptidoglycan consists of 
a repeating disaccharide, attached ' , 
by polypeptides (proteins) to Bacterial cell walls 
form a lattice that surrounds contain peptide-
and protects the entire bacterial glycan, a complex 
cell. Several antibiotics (includ- macromolecule 
ing penicillin) prevent the final consisting of a 

repeating disaccha
cross-linking of the rows of ride, attached by 
disaccharides, thus weakening proteins. 
the cell wall and leading to lysis "- _..' 
(bursting) of the bacterial cell. Although most members 
of the Domain Arcbaea have cell walls, their cell walls do 
not contain peptidoglycan. 

Carbohydrates composed of three monosaccharides are 
called tri5accharides; those composed of four are called 
tetrasac:cbarids; those composed of :five are called pen
t:asaccharides; and so on, until (.--------.... 
one comes to polysaccharides. Polysaccharides 

can be defined 

Pa.._•cch ld as carbohydrates 
·•- ar 11 

that contain many 
The definition of a polysaccha- monosacchartdes. 
ride varies from one reference ,_ .J 

H~H + H1:0~ 
Dehydnrtlon 
synthesis 

~
CH20HH~O H 

H OH 

Glucose 

HbHtH20H 

OH H 

Fructose 

Hydrolysis ~HH HHO +~0 
HO - CH20H 

H OH OH H 

Sucrose Water 

Figure a-a. The dehydration .,mheels and hydrolysis of eucroee. 
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book to another, with some stating that a polysaccharide 
consists of more than 6 monosaccharides, others stating 
more than 8, and others stating more than 10. Poly means 
"many," and in reality; most polysaccharides contain many 
monosaccharides-up to hundreds or even thousands of 
monosaccharides. Thus, in this book, polysaccharides 
are defined as carbohydrate polymers containing many 
monosaccharides. 

Polysaccharides, 
such as glycogen, 
starch, and 
cellulose, are 
examples of poly
mers-molecules 
consisting of many 
similar subunits. In 
1he case of poly
saccharides, the re
peating subunits are 
monosaccharides. .J 

Examples include starch and 
glycogen, which are composed 
of hundreds of repetitive glucose 
units held together by different 
types of covalent bonds, known 
as glycosidic bonds (or glycosidic 
linkages). Glucose is the major 
constituent of polysaccharides. 
Polysaccharides are examples of 
polymers-molecules consisting 
of many similar subunits. Some 
of these molecules are so large 
that they are insoluble in water. 

In the presence of the proper enzymes or acids, poly
saccharides may be hydrolyzed or broken down into 
disaccharides and then finally into monosaccharides 
(Fig. 6-6). 

Polysaccharides serve two main functions. One is to 
store energy that can be used when the external fuod 
supply is low. The common storage mole<:ule in animals 
is glycogen, which is found in the liver and muscles. In 
plants, glucose is stored as starch and is fuund in potatoes 
and other vegetables and seeds. Some algae store starch, 
whereas bacteria. contain glycogen granules as a reserve 
nutrient supply. The other function of polysaccharides is 
to provide a "tough" molecule for structural support and 
protection. Many bacteria. produce polysaccharide capsules, 
which protect them from being phagocytized (eaten) by 
white blood cells. 

Cellulose is another example of a polysaccharide. 
Plant and algal cells have cellulose cell walls to provide 
support and shape as well as to protect them from the 
environment. Cellulose is insoluble in water and indi
gestible for humans and most animals. Some protozoa, 
fungi, and bacteria have enzymes that will break the 
P-glycosidic bonds that link the glucose units into cel
lulose. Some of these microorganisms (saprophytes) are 
able to disintegrate dead plants in the soil, and others 
(parasites) live in the digestive organs of herbivores 
(plant eaters). Protozoa in the gut of termites digest 
the cellulose in the wood that the termites eat. Fibers of 
cellulose extracted from certain plants are used to make 
paper, cotton, linen, and rope. These fibers are relatively 
rigid, strong, and insoluble because they consist of 100 
to 200 parallel strands of cellulose. Starch and glycogen 
are easily digested by animals because they possess the 
digestive enzyme that hydrolyzes the a-glycosidic bonds 
that link the glucose units into long, helical, or branched 
polymers (Fig. 6-7). 

When polysaccharides combine with other chemi
cal groups (amines, lipids, and amino acids), extremely 
complex macromolecules are formed that serve specific 
purposes. Glucosamine and galactosamine (amine deriva
tives of glucose and galactose, respectively) are important 
constituents of the supporting 
polysaccharides in connective 
tissue fibers, cartilage, and chitin. 
Chitin is the main component 
of the hard outer covering of 
insects, spiders, and crabs, and 
is also fuund in the cell walls of 
fungi. The main portion of the 
rigid cell wall of bacteria con
sists of amino sugars and short 
polypeptide chains that combine 
to furm the peptidoglycan layer. 

( 

Bac1erial cell 
walls contain 
peptidoglycan, 
algal cell walls 
contain CGIIulose, 
and fungal cell 
walls contain chitin. 
Peptidoglycan, 
CGIIulose, and chitin 
are examples of 
polysaccharides. , 

'- -' 

1 start:h (polysaccharide) 
}-~ }-,_ }-,_ G=::..: 
V o"\__/-o"\__/-oU enzyme a 

2 maltoses (disaccharides) 
}-~ }-o, + }-,_ }-,_. +waterand 

V oU V oU enzymeb 

4 glucose (monosaccharides) 

Rgure 1-8. Steps in the hydrolpis of starch. 
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~(beta) linkage (alternating 
•up and dowrf) in cellulose 

a (alpha) linkage (no 
alternation) in starch 

Figura 8· 7. The difference between celluloae and starch. 

Lipids 

Lipids constitute an important class ofbiomolecules. Most 
lipids are insoluble in water but soluble in fat solvents, such 
as ether, chloroform, and benzene. Lipids are essential 
constituents of almost all living cells. 

FaiiJ Acids 

Monosaccharides 
are the building 
blocks of carbo-
hydrates, whereas 
fatty acids are the 
building blocks of 
lipids. 

Fatty acids can be thought of as 
the building blocks oflipids. Fatty 
acids are long-clWn carboxylic 
acids that are insoluble in water. 
Fatty acids can be divided into 
four categories: saturated fatty 
acids, monounsaturated fatty 
acids, polyunsaturated &tty acids, 

J and trans fats. 
Saturated fatty acids contain only single bonds between 

the carbon atoms. Fats containing saturated fatty acids are 
usually solids at room temperature. Monounsaturated fatty 
acids (such as those found in butter, olives, and peanuts) 
have one double bond in the carbon chain. Polyunsaturated 
fatty acids (such as those found in soybeans, saffiowers, 
sun.ft.owers, and corn) contain two or more double bonds. 
Trans fats are manufactured by the artificial addition of 
hydrogen atoms to unsaturated fats; the process is known 
as hydrogenation. Most fats containing unsaturated fatty 
acids are liquids at room temperature, but trans fats are 
solid or semisolid fats, which are often incorporated into 
food products. 

The terms saturated, monounsaturated, polyunsaturated 
fatty acids, and trans fats are often heard in discussions 
about human diet. Dieticians tell us that an increased 
intake of saturated and trans fats may increase the risk 
of coronary heart disease, whereas an increased intake of 
monounsaturated and polyunsaturated fats may decrease 
that risk. Trans fats should be avoided because of their 
harmful effects on cholesterol levels and their link to 
heart disease. 

Certain fatty acids, called essential fatty acids, cannot 
be synthesized in the human body and thus must be pro
vided in the diet. Omega-3 fatty acid is an example of an 
essential fatty acid. 

For purposes of discussion, lipids can be classified into 
the following categories (Fig. 6-8): 
• Waxes ~------,, 

Waxes, fats, oils, 
• Fats and oils phospholipids, gly-
• Phospholipids colipids, steroids, 
• Glycolipids prostaglandins, and 
• Steroids leukobienes are all 
• Prosblglan.dins and leukot:rienes examples of lipids. 

'- ) 

Waxes 
A wax consists of a saturated fatty acid and a long-chain 
alcohol. Wax coatings on the fruits, leaves, and stems of 
plants help to prevent loss of water and damage from pests. 

Fally acid ~ LDng-ahaln alcohol I 

Trtg~dH (1'at8, oils) 

Fatty acid 

Fatty acid 

Fatly acid 

Phaephollplds 

Phoaphoglyglrtd• Sphingolipid• 

! 
Fallyacld 

e 
Fatly acid 

P04~ 
[ 

Fsllyacld 
c; 

P04~ 

Glycollpldll 

[

/ Glucose or 
\I galactoae 

Fally acid 

Starald 

Figure 8-11. The general structura of eome categories of 
lipids. 
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Waxes on the slrin, fur, and feathers of animals and birds 
provide a waterproof coating. Lanolin, a mixture of waxes 
obtained from wool, is used in hand and body lotions to aid 
in retention of water, thus softening the skin. The waxes that 
are present in the cell walls of MycobtJcterium tulmrulosis (the 
causative agent of tuberculosis) are responsible for several 
interesting characteristics of this bacterium. For example, 
should an M. tuberculosis cell be phagocytized by a phago
cytic white blood cell (a phagocyte), the waxes protect the 
cell from being digested. This enables the bacterial cell to 
survive and multiply within the phagocyte. Also, the waxes 
in the cell walls of M. tubert:uJosis make the organism diffi
cult to stain, and, once stained, the waxes make it difficult 
to remove the stain from the cell. In the acid-fast staining 
procedure, for example, it is necessary to add phenol to 

-, the carbolfuchsin dye to drive it 
Waxes in the 
cell walls of 
M. tuberculosis (the 
causative agent of 
tuberculosis) protect 
phagocytized 
M. tuberculosis cells 
from being digested. 

~-------'.1 

Fats and Oils 

into the cell. Once the cell has 
been stained, the waxes prevent 
decolorization of the cell when 
a mixture of acid and alcohol is 
applied. Because the cell does 
not decolorize in the presence of 
acid, the organism is described as 
being acid-fast. 

Fats and oils are the most common types of lipids. Fats 
and oils are also known as triglycerides because they are 
composed of glycerol (a three-carbon alcohol) and three 
&tty acids (Fig. 6-9). Fats are triglycerides that are solid at 
room temperature. Most fats come from animal sources; 
examples include the fats found in meat, whole~ butter, 
and cheese. Most oils are triglycerides that are liquid at 
room temperature. The most commonly used oils come 
from plant sources. Olive oil and peanut oil are monoun
saturated oils, whereas oils from com, cottonseed, safilower, 
and sunfl.ower are polyunsaturated. 

H 

I 
~~-OH 

tt--C-OH 

I 
tt-C-OH 

I 
H 

0 
II 

HQ-C-CH2 CH2CH2 

0 

II 
+ HQ-C-CHz CH2CH2 

0 

II 
HQ-c-CH2 CH2CH2 

Glycerol + 3 butyric acids 
(a fa1ly acid) 

Figura 8-8. The synthesis of a fat. 

Phospholipids 
Phospholipids conttin glycerol, fatty acids, a phosphate 
group, and an alcohol. There are two types: glycerophos
pholipids (also called phosphoglyceridts) and sphingolipids. 
Glycerophospholipids are the most abundant lipids in 
cell membranes. The basic structure of a cell membrane 
is a lipid bilayer, consisting of two rows of phospholipids, 
arranged tail to tail (Fig. 6-10). The hydrophobic tails, 
lacking an affinity for water molecules, point toward each 
other, enabling them to get as fur away from water as pos
sible. The hydrophilic heads, being able to associate with 
water molecules, project to the inner and outer surfaces 
of the membrane. Two other types of lipids are also found 
in eukaryotic cell membranes: (-------... 
steroids (primarily cholesterol, Cell membranes 
in animal cells) and glycolipids. consist of a lipid 
The cell membrane also con- bilayer, composed 

of two rows of phos-
tains proteins, which have been pholipids, arranged 
described as "icebergs floating tail to tail. 
in a sea of lipids." '- _) 

In addition to phospholipids, the outer membrane of 
Gram-negative bacterial cell walls contains lipoproteins 
and lipopolysaccharide (LPS). As 
the name implies, LPS consists of 
a lipid portion and a polysaccha
ride portion. The lipid portion 
is called lipid-A or endotoxin. 
When endotoxin is present in 
the human bloodstream, it can 
cause very serious physiologic 
conditions (e.g., fever and 
septic shock). The cell walls of 
Gram-positive bacteria do not 
contain LPS. 

r 
When present in 
the human blood
stream, lipids found 
In the cell walls 
of Gram-negative 
bacteria can cause 
serious physiologic 
conditions in hu
mans, such as fever 
and shock. .... _______ ) 

Lecithins and cephalins are glycerophospholipids that 
are found in the brain and nerve tissues as well as in egg 
yolks, wheat germ, and yeast. 

H 0 

I II 
H-~-O-~-CH2CH~H2 

H-C-O-C-CH2CH~H2 + 3Hz() 

I u 
H-C-O-C-CH CH-r.H I 2 z-'2 

H 

Tributyrin 
(a triglyceride acid) 



Extracellular 
fluid 

Cytoplasm 

Figure 8·10. 1ba lipid bilayer structure of cell membranes, 
allowing the hydrophilic heads and hydrophobic tails of 
phospholipid molecules {blue). Cell membranes also contain 
protein molecules (pink), which have been described as resem
bling icebergs floating in a sea of lipids. (Redrawn from Cohen 
BJ. Msmmfer's The Human Body in H98lth and DiS88Se. 11th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 

Sphingolipids are phospholipids that contain an 18-carbon 
alcohol called sphingosine rather than glycerol. Sphingolipids 
are found in the brain and nerve tissues. One of the most 
abundant sphin.golipids is sphingomyelin, which makes up 
the white matter of the myelin sheath that coats nerve cells. 

Glycolipid& 
Gl:ycolipi.ds are abundant in the brain and myelin sheaths 
of nerves. Some glycolipids contain glycerol plus two fatty 
acids and a monosaccharide. Cerebrosides and gangliosides 
are eDlD.ples of glycolipids; both are found in the human 
nervous system. A person's blood group (A, B, AB, or 0) is 
determined by the particular glycolipids that are present on 
the surface of that person's red blood cells (see Chapter 16). 

Steroids 
Steroids are rather complex, four-ringed structures. 
Steroids include cholesterol, bile salts, fat -soluble vitamins, 
and steroid hormones. Cholesterol is a component of cell 
membranes, myelin sheath, and brain and nerve tissue. Bile 
salts are synthesized in the liver from cholesterol and stored 
in the gallbladder. The fut-soluble vitamins are vitamins A, 
D, E, and K. • Steroid hormones include male sex hormones 
(testosterone and androsterone) and female sex hormones 
(estrogens such as estradiol and progesterone). The adrenal 
corticosteroids (aldosterone and cortisone) are steroid 

"Water-soluble vitamins (the eight B vitamins and vitamin C) 
dissolve easily in water and are readily excreted from the body. 
Fat-soluble vitamins (A, D, E, K) are ab90rbed through the intestinal 
tract with the help oflipids and are more likdy to accumulate in 
the body than arc water-soluble vitamins. 
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hormones produced by the adrenal glands, one of which 
is located at the top of each kidney. 

Prostaglandins and Laukatrlenes 
Prostaglandins and leukotrienes are derived from a 
fatty acid called arachidonic aci.J. Both have a wide variety 
of effects on body chemistry. They act as mediators of 
hormones, lower or raise blood pressure, cause infuun
marion, and induce fever. Leukotrienes are produced in 
leukocytes (for which they are named), but also occur 
in other tissues. Leuk.otrienes can produce long-lasting 
muscle contractions, especially in the lungs, where they 
cause asthma-like attacks. 

Proteins 
Proteins are among the most essential chemicals in all living 
cells, referred to by some scientists as "the substance of life." 
The complete collection of proteins within a given cell is 
known as that cell~ proteom.e. The study of the structure 
and activities of proteins is called r .... , 
proteomics. Some proteins are The complete col-
the structural components of lection of proteins 

b cells 
. within a given cell is 

mem ranes, ' and tlSS'Ues, known as that cell's 
whereas others are en~es proteome. Studies 
and hormones that ch.eDllcally perfonned to ex-
control the metabolic balance plore the structure 
within both the cell and the and activities of 
entire organism. All proteins are proteins are called 
polymers of amino acids; however, proteomics. ~ ) 
they vary widely in the number ·-------
of amino acids present and in the 
sequence of amino acids as well 
as their size, configuration, and 
functions. Proteins contain carbon, 
hydrogen, oxygen, nitrogen, and 
sometimes sulfur. 

Amino Acid Structure 

Proteins contain 
carbon, hydrogen, 
oxygen, nitrogen, 
and sometimes 
sulfur. 

\___ 

A total of 2 3 different ll'lni'no ~Kids have been found in 
proteins-20 primary or naturally occurring amino ac
ids plus 3 secondary amino acids (derived from primary 
amino acids). Each amino acid is composed of carbon, 
hydrogen, oxygen, and nitrogen; three of the amino ac
ids also have sulfur atoms in the molecule. Humans can 
synthesize certain amino acids, but not others. Those 
that cannot be synthesized (called essential amino acids) 
must be ingested as part of our diets. The term essentiJII 
amino fiCids is somewhat mislead-
ing; however, in view of the fact 
that all of the amino acids are 
necessary for protein synthesis. 
Because we cannot manufacture 
the essential amino acids, it is 
essential that they be included 
in our diets. 

,-
Proteins are poly
mers composed of 
amino acids (i.e., 
amino acids are the 
building blocks of 
proteins). .... ________ ,. 
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STUDY AID 
Proteins 

Proteins can be thought of 
as "strings of beads." The 
beads are amino acids. ~ 
Proteins may contain as few as 2 amino acids to as 
many as 5,000 or more. The sequence of amino acids 
is referred to as the primary structure of a protein. 

STUDY AID 
Names of Amino Acids 

Alanine Glutamic acid Isoleucine Serine 

{10) (10) (1", E) {1") 

Arginine Glutamine Leucine Threonine 

{1o, E-) (10) W,E) W,E) 

Asparagine Glycine Lysine Tryptophan 
(1 0) (1 0) {1o, E) {1o, E) 

Aspartic Histidine Methionine Tyrosine acid 

W) (1 O 1 E") (1o, E) {10) 

Cysteine Hydroxylysine Phenylalanine Vsline 

(1 0) (2") W,E) W,E) 

Cystine Hydroxyproline Proline 

(2") (2") (1") 

Key: 1", a primary amino acid; 2", a secondary amino acid; E, an 
essential amino acid; E", additional essential amino acid in infant8. 

The general formula for amino acids is shown in 
Figure 6-11. In this figure, the "R" group represents any 
of the 23 groups that may be substituted into that position 
to build the various amino acids. For instance, "H" in place 
of the "R" represents the amino acid glycine, and "CH:." 
in that position results in the structural formula for the 
amino acid alanine. 

The thousands of different proteins in the human body 
are composed of a great variety of amino acids in various 
quantities and anangements. The number of proteins that 
can be synthesized is virtually unlimited. Proteins are not 
limited by the number of different amino acids, just as the 
number of words in a written language is not limited by 
the number ofletters in the alphabet. The actual number 
of proteins produced by an organism and the amino acid 
sequence of those proteins are determined by the particular 
genes present on the organism's chromosome(s). 

H 

H I 
H' I / 0 

N- C- C 

/ I ' H R 0 

Figure 8-11. The basic 
strue1ure of an amino acid. 

Protein structure 
When water is removed, by dehydration synthesis, amino 
acids become linked together r - , 
by a covalent bond, referred to The monosao-
as a peptide bond (as shown in charides in car-
Fig. 6-12).A dipeptide is formed bohydrates are 
by bonding two amino acids, joined together by 

h th b d. f thr glycosidic bonds. 
w ereas e on mg 0 ee The amino acids in 
amino acids forms a tripeptide. A proteins are joined 
chain (polymer) consisting of more together by peptide 
than three amino acids is referred bonds. Glyoosldlc 
to as a polypeptide. Polypeptides bonds and peptide 
are said to have primtlry prfJtein bonds are examples 
!t1'Ul:t'Un-a linear sequence of of covalent bonds. , 
amino acids in a chain (Fig. 6-13). ..__ "" 

Most polypeptide chains naturally twist into helices 
or sheets as a result of the charged side chains protruding 
from the carbon-nitrogen backbone of the molecule. This 
helical or sheet:lilre configuration is referred to as seCIJ1Jdary 
protein ~ and is found in fibrous proteins. Fibrous 
proteins are long, threadlilre molecules that are insoluble 
in water. They make up keratin (found in hair, nails, wool, 
horns, and feathers), collagen (in tendons), myosin (in 
muscles), and the microtubules and microfitaments of cells. 

Because a long coil can become entwined by folding 
back on itself, a polypeptide helix may become globular 
(Fig. 6-13). In some areas, the helix is retained, but other 
areas curve randomly. This globular, tertillry protein struc
ture is stabilized by not only hydrogen bonding but also 
disulfide bond cross-links between two sulfur groups (S-S). 
This three-dimensional configuration is characteristic of 
eneymes, which work by fitting on and into specific mol
ecules (see the next section). Other examples of globular 
proteins include many hormones (e.g., insulin), albumin in 
eggs, and hemoglobin and fibrinogen in blood. Globular 
proteins are soluble in water. 

When two or more polypeptide chains are bonded 
together by hydrogen and disulfide bonds, the resulting 
three-dimensional structure is referred to as ljUIIternttry 
protein !t1'Ul:t'Ure (Fig. 6-13). For instance, hemoglobin 
consists of four globular myoglobins. The size, shape, and 
configuration of a protein are specific for the function it 
must perform. If the amino acid sequence and thus the 
configuration of hemoglobin in red blood cells are not 
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I i W r i w I i ft I i ff 
H- N- C- C- OH + H- N- C- C- OH ~ H- N- C- C- N- C - C- OH + H~ 

I 
R 

I 
H I f I R H 

Peptide bond 

Amino acid1 +Amino acid.2 ~ Dipeptide 

Figure 8-12. The formation of a dipeptide. R indicates any amino acid side chain. 

perfect, the red blood cells may become distorted and 
assume a sickle shape (as in sickle cell anemia). In this 
sblte, they are unable to carry the oxygen that is necessary 
for cellular metabolism. Myoglobin, the oxygen-binding 
protein found in skeletal muscles, was the first protein to 
have it3 primary, secondary, and tertiary structures defined 
by scientisu. 

Should the secondary, tertiary, or quarternary structure 
of a protein be disrupted-for example, by heat, ultraviolet 
light, strong acids or alblis, or enzymatic action-the 
protein molecule may lose it3 structural and functional 
characteristics. This process is known as denaturation, and 
the protein is said to be denatured. 

Enzymes 
Enzymes are protein molecuJesb produced by living cells 
as "instructed" by genes on the chromosomes. Enzymes 
are referred to as biologic catalysts-biologic molecules 
that cabllyze metabolic reactions. A cabllyst is defined as 
an agent that speeds up a chemical reaction without be
ing consumed in the process. In some cases, a particular 
metabolic reaction will not occur at all in the absence of 

an enzyme cabllyst. Almost every 
reaction in the cell requires the 
presence of a specific enzyme. 
Although enzymes influence 
the direction of the reaction and 

Enzymes are 
proteins that func
tion as biologic cat
alysts; that Is, they 
catalyze (speed up) increase itli rate of reaction, they 
metabolic reactions. do not provide the energy needed 

.) to activate the reaction. 
Some protein molecules function as enzymes all by 

themselves. Other proteins (called apoenzymes) can function 
as enzymes (i.e., can catalyze a chemical reaction) only after 
they link up with a nonprotein cofactor. Some apoenzymes 
require metal ions (e.g., Cal+, Fe2+, Mt+, and Cu2+) as 
cofactors, whereas others require viblmin-type compounds 
(called coenzymes), such as viblmin C, flavin-adenine di
nucleotide, and nicotinamide-adenine dinucleotide. The 
combination of the apoenzyme plus the cofactor is called 

"Certain RNA molecules, called ribozymcs, have been shown 
to have enzymatic activity. However, because most enzymes are 
proteins, enzymes are discussed in this book as if all of them 
were pro1cins. 

a holoenzyme (a ~hole" enzyme); the holoenzyme can 
function as an enzyme. 

apoenzyme + cofactor = holoenzyme 
(a functional enzyme) 

Enzymes are usually named by adding the ending 
"-ase" to the word, indicating the compound or types of 
compounds on which an enzyme acts or exerts itli effect. For 
example, proteases, carbohydrases, and lipases are families of 
enzymes that exert their effecD on proteins, carbohydrates, 
and lipids, respectively. The specific molecule on which an 
enzyme aw is referred to as that enzyme's substrate. Each 
enzyme has a particular substrate on which it exerts its 
effect; thus, enzymes are said to be very specific. Although 
most enzymes end in "-ase," some do not; lysozyme and 
hemolysins are examples. 

,.,.--
STUDY AID 
Examples of Enzymes 

Catalase 

Coagulase 

DNA polymerase 

DNAse 

Hemolysins 

Upases 

Lysozyme 

Oxidase 

Peptidases 

Proteases 

RNA polymerase 

RNAse 

Some toxins and other poisonous substances cause 
damage to the human body by interfering with the action 
of certain necessary enzymes. For example, cyanide poison 
binds to the iron and copper ions in the cytochrome systems 
of the mitochondria of euhryotic cells. As a result, the cells 
cannot use oxygen to synthesize ATP, which is essential for 
energy production, and they soon die. 

Proteins, including enzymes, may be denatured (structurally 
altered) by heat or certain chemicals. In a denatured protein, 
the bonds that hold the molecule in a tertiary structure are 
broken. With these bonds broken, the protein is no longer 
functional. Enzymes are discussed further in Chapter 7. 



1 00 Sac:llon Ill • Chemical and Genetic Aspects of Miclll org:tnism s 

A 

B 

Primary muc:lura 
Amino acid sequence 

Secondary 8'1ructura 
Regular sub-atrueb.lras 

D 

Asn 

c Tertiary 8'1ruc:lure 
Three-dimensional structure 

Quat.muy structu111 
Complex of protein 

molecules 

Hemoglobin 

Figure 8-13. Protein structure. A. Primary structure (lhe linear sequence ol amino 
acids). B. Secondary strucb.ue (e.g., a helix, as shown here). C. Tertiary strucbJre 
(e.g., the globular structure, as shown here). D. Quaternary structure (e.g., four globular 
protein molecules, as shown here). (Provided by LadyofHata and Wlklpedla.) 

Nucleic Acids 

Function 
Nucleic acids-DNA and RNA-comprise the fourth 
major group of biomolecules in living cells. In addition 

1 to the elements carbon (C), r Nucleic acids contain hydrogen (H), oxygen (0), and 
I C, H, 0, N, and P. nitrogen (N), DNA and RNA 
... contain phosphorus (P). 

Nucleic acids play extremely important roles in a cell; 
they are critical to the proper functioning of a cell. DNA is 
the 11hereditary molecule"-the molecule that contains the 
genes and genetic code. DNA makes up the major portion 
of chromosomes. The infOrmation in DNA must flow to 
the rest of the cell for the cell to function properly; this 
flow of information is accomplished by RNA molecules. 

RNA molecules participate in the conversion of the genetic 
code into proteins and other gene products. 

Struutura 
The building blocks of nucleic acid polymers are called 
nucl.eotides. These are more com
plex monomers (single molecular 
units that can be repeated to form 
a polymer) than amino acids, which 
are the building blocks of protcins. 
Nucleotides consist of three subunits: 
a nitrogen-containing (nitrogenous) 
base, a five-carbon sugar (pentose), 
and a phosphate group, joined 
together, as shown in Figure 6-14 . 

r The building blocks "'I 
of nucleic acids are 
called nucleotldes, 
each of which con
tains three compon
ents: a nitrogenous 
base, a pentose, 
and a phosphate 

• group. 1 .... _______ .~ 



s- A 

Figure 1·14. 1Wo nucleotldea, each consisting o1' a 
nitrogenous base (A or 1}, a five-carbon sugar (8}, and 
a phosphate group (P). 

HISTORICAL 
NOTE 
The Discovery of the 
Hereditary Molecule 

In 1944, Oswald T. Avery and 
his colleagues at the Rockefeller 

Institute wrote one of the 
most important papers ever 
published in biology. In that 
paper, they announced their 

discovery that DNA, not proteins 
as had earlier been suspected, Is the molecule 
that contains genetic infonnation O.e., DNA is the 
hereditary molecule). They made this discovery 
while repeating Frederick Griffith's 1928 trans
formation experiments (see Chapter 7). Whereas 
Grtfflth's experiments Involved mice, Avery's group 
conducted in vitro experiments. The importance of 
this discovery was not fully appreciated at the time 
so Avery and his colleagues did not receive a Nobel 
Prize. Additional evidence that DNA is the molecule 
that contains genetic lnfonnatlon was provided by 
Alfred Hershey and Martha Chase in 1952. Their work 
involved a bacteriophage that infects E. coli. In 1969, 
Hershey shared a Nobel Prize with Max DelbrOck 
and Salvador Luria for their discoveries involving the 
genetic structure and replication of bacteriophages. 

~-------..... 

The building blocks 
of DNA are called 
DNA nucleotides, 
whereas the build
ing blocks of RNA 
are called RNA 
nucleotides. 

_J 

The building blocks of DNA 
are called DNA nucleotides; 
they contain a nitrogenous base, 
deoxyribose (a pentose), and a 
phosphate group. The building 
blocks of RNA are called RNA 
nucleotides; they contain ani-
trogenous base, ribose (a pentose), 
and a phosphate group. 

...--------. .., As previously stated, there 
The four types of are two kinds of nucleic acids in 
RNA in a cell are cells: DNA and RNA DNAcon-
mRNA, rRNA. tRNA, t:ains deoxyn'bose as its pentose, 
and miRNA. 

~-------~ whereas RNA contains ribose as 
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its pentose. There are four types of RNA: messenger RNA 
(mRNA), ribosrJmal RNA (rRNA), t:rrmifer RNA (tRNA), 
and microRNA (miRNA). 

STUDY AID 
Nucleotides 

Three Parts Four DNA Four RNA 
to Every Nucleotldes Nucleoades 
Nucleotide (Daoxyrtbonu- (Ribonucleotldes) 

cleoades) 

1. Nitrogenous Adenine Adenine (a purfne) 
base (a purfne) 

Guanine Guanine (a purina) 
(a purina) 

Cytosine Cytosine 
(a pyrimidine) (a pyrimidine) 

Thymine Umcil (a pyrimidine) 
(a pyrimidine) 

2. Pentose Deoxyribose Ribose 

3. Phosphate Phosphate group Phosphate group 
group 

The five nitrogenous bases 
in nucleic acids are adenine (A), 
guanine (G), thymine {1), cytosine 
(C), and uracil (U). Thymine is 
found in DNA, but not in RNA 
Uracil is found in RNA, but not 
in DNA The other three bases 
(A, G, and C) are present in both 
DNA and RNA. Both A and G 
are purines (double-ring struc
tures), whereas T, C, and U are 

r- - - .. 
The nitrogenous 
bases adenine, 
guanine, and cy
tosine are found in 
both DNA and RNA. 
However, thymine is 
found only in DNA, 
and uracil is found 
only In RNA. 

~ ) 

pyrimidines (single-ring structures; Fig. 6-15). 
The nucleotides join together (via covalent bonds) 

between their sugar and phosphate groups to form very 
long polymers-100,000 or more monomers long-as 
shown in Figure 6-16. 

DNA Structure 
For a double-stranded DNA molecule to form, the ni
trogenous bases on the 1 
two separate strands must Wrthin a double-stranded 
bond together. Because DNA molecule, A in one 
of the size and bonding strand always bonds wi1h T 
attraction between the two in the complementary strand, 
strands,A(a purine) always and Gin one strand always 
bonds with T (a pyrimidine) bonds with C in the comple

mentary strand. A-T and G-C 
via two hydrogen bonds, are known 88 base pairs. 
and G (a purine) always ) 
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Figure 8·18. 1be pyrimidines and purlnn found In DNA 
and RNA. Note that pyrimidines are single-ring structures, 
whereas purines are double-ring structures. 

bonds with C (a pyrimidine) via three hydrogen bonds 
(Fig. 6-17). (A-T and G-C are known as "base pairs.'') The 
bonding forces of the double-stranded polymer cause it to 

assume the shape of a double a-helix, which is similar to 

a right-handed spiral staircase (Fig. 6-18). 

STUDY AID 
Purines and Pyrimidines 

Here is one way to 
remember the difference 
between purines and 
pyrimidines. Think of the double-ring structure of 
a purine (adenine or guanine) as being •pure and 
un-CUT." The single-ring pyrimidines can be thought 
of as being "CUT," where the "C" stands for cytosine, 
the "U'" for uracil, and the "T" for thymine. 

DNA Replication 
When a cell is preparing to divide, all the DNA molecules 
in the chromosomes of that cell must duplicate, thereby 
ensuring that the same genetic information is passed on to 

both daughter cells. This process is called DNA replication. 
It occurs by separation of the DNAsttands and the building 
of complementary strands by the addition of the correct 
DNA nucleotides, as illustrated in Figure 6-19. The point 
on the molecule where DNA replication starts is called 
the nplication fork. The most important enzyme required 

5' , 
t , 

I 

[!] = Phosphate 

S =SUgar 

C =Cytosine 

Figure 6-18. One amall eecllon of a nuc:lalc acid pol)<mer. 

for DNA replication is DNA polymerase (also known as 
DNA-dependent DNA polymerase). Other enzymes are also 
required, including DNAhelicase (- ~ 
and DNA topoisomerase (which The most important 
initiate the separation of the two enzyme taking part 
strands of the DNA molecule), in DNA replication 
primase (which synthesizes a short is DNA polymerase 

RNA primer), and DNA ligase ~~:.:~::~da:nt 
(which connects fragments of , DNA polymerase}. 
newly synthesized DNA). 

HISTORICAL 
NOTE 
The Discovery of the 
Structure of DNA 

In the early 1950s, an American 
named James Watson and an 
Englishman named Francis 
Crick published two extremely 
important papers. The first (pub
lished in 1953) proposed a dou-

ble-stranded, helical structure for 
DNA (a "double helix'?, and the second (published in 
1954) proposed a method by which a DNA molecule 
could copy (replicate) itself exactly, so that identi-
cal genetic infonnation could be passed on to each 
daughter cell. The idea for 1he doubl•helical struc
ture was based on an x-ray diffraction photograph of 
crystallized DNA that Watson had seen in the Lon
don laboratory of Maurice Wilkins. The now famous 
photograph had been produced by Rosalind Franklin, 
an x-ray crystallographer. Watson, Crick, and Wilkins 
received a Nobel Prize in Chemistry in 1962 for 1heir 
contributions to our understanding of DNA. Franklin 
did not share the prize because she had died before 
1962; the Nobel Prize is not awarded posthumously. 



STUDY AID 
Major Differences 
between DNA and RNA 

DNA is double stranded, 
whereas RNA is single 
stranded. 
DNA contains deoxyribose, whereas RNA contains 
ribose. 
DNA contains thymine, whereas RNA contains uracil. 

STUDY AID 
DNA Replication 

Francis Crick pmvided 
this method of visualizing 
what happens during 
DNA replication. First, remember that DNA is a 
double-stranded molecule. Think of It as a hand 
within a glove. When the hand is removed from 
the glove, a new glove is formed amund the hand. 
Simultaneously, a new hand is formed within the 
glove. What you end up with are two gloved hands, 
each of which is identical to the original gloved hand. 

The duplicated DNA of the chromosomes can then be 
separated during cell division, so that each daughter cell 
contains the same number of chromosomes, the same genes, 
and the same amount of DNA as in the parent cell (except 
during meiosis, the reduction division by which ova and 
sperm cells-haploid cells-are produced in eukaryotes). 
There are subtle differences between DNA replication in 
prokaryotes and eukaryotes; these differences are beyond 
the scope of this book. 

Bene Expression 
As you learned in Chapter 3, a gene is a particular segment 
of a DNA molecule or chromosome. A gene contains the 
:instructions (the "recipe" or "blueprint") that will enable 
a cell to make what is known as a gtrne produa (in some 
cases, more than one gene product). The genetic code 
contains four "letters" (the letters that stand for the four 
nitrogenous bases found in DNA): "~for adenine, "G" for 

guanine, "C" for cytosine, and "T" 

[ 

The genetic code .., for thymine. It is the sequence 
consists of four let- of these four bases that spell out 
tars: A. T, G, and C. the instructions for a particular 

- _J gene product. 
Although most genes code for proteins (meaning that 

each gene contains the instructions for the production of 
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a particular protein), some code for rRNA, miRNA, and 
tRNA molecules. However, because the vast majority of 
gene products are proteins, gene products are discussed in 
this chapter as if all of them are proteins. 

The Central Dogma. It was Francis Criclc who, in 1957, 
proposed what is referred to as the Central Dogma to 

explain the flow of genetic information within a cell: 

DNA~ m.RNA ~protein 

The Central Dogma (also known as the "one gene--one 
protein hypothesis") states the following: 

1. The genetic information contained in one gene of a DNA 
molecule is used to make one molecule of mRNA by a 
process known as transcription. 

2. The genetic information in that mRNA molecule is then 
used to make one protein by a process known as 1:t'.Ulslation. • 

STUDY AID 
The Cenb"al Dogma 

The term "dogma• usually refers to a 
basic or fundamental doctrinal point in 
religion or philosophy. Francis Crick's 
use of the term "Central Dogma" 
refers to the most fundamental process of molecular 
biology-the flow of genetic information within a cell. 
Although originally referred to as the one gene-one 
pmtein hypothesis, it is now known that a particular 
gene may code for one or more pmteins. 

When the information in a gene has been used by the 
cell to make a gene product, the gene that codes for that 
particular gene product is said to have been expressed. All 
the genes on the chromosome are not being expressed 
at any one time. That would be 
a terrible waste of energy! For 
example, it would not be logical 
for a cell to produce a particular 
enzyme if that enzyme was not 
actually needed. Genes that are 
expressed at all times are called 
constitutive genes. Those that 
are expressed only when the gene 
products are needed are called 

.~ ~ 

Genes that are 
expressed at all 
times are called 
constitutive genes, 
whereas those that 
are expressed only 
when the gene 
products are needed 
are called inducible 
genes. inducible genes. .._ _______ ___, 

cAt the time the Central Dogma was proposed, it was thought that 
a particular gene codes fur only one protein. It is now known that 
a gene may wdc for more than one protein, depending on several 
factors (mcluding the manner in which the gene is transcribed and 
whether or not the final gene product is cut into several proteins). 
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Figure 8·17. Base pairs that occur Ill double·etranded 
DNA moleculeL Note that A and Tare connected by two hy
drogen bonds, when!las G and C by three hydrogen bonds. The 
arrows represent the points at which the bases are bonded to 
deoxyribose molecules. 

»anscrlptlon. When a cell is stimulated (by need) to 

produce a particular protein, the DNA of the appropriate 
gene is activated to unwind temporarily from its helical 
configuration. This unwinding exposes the bases, which 
then at:t:ract the bases of free RNA nucleotides, and an 
mRNA molecule begins to be assembled alongside one of 
the strands of the unwound DNA. Thus, one of the DNA 
strands has served as a template, or pattern (referred to as 
the DNA template), and has coded for a complementary 
mirror image of its structure in the mRNA molecule. On 
the growing mRNA molecule, an A will be introduced 
opposite aT on the DNA molecule, a G opposite a C, a 
C opposite a G, and a U opposite an A (see the following 
Study Aid). Remember that there is noT in RNA molecules. 
This process is called transcription because the genetic 
code from the DNA molecule is transcribed to produce 
an mRNA molecule (Fig. 6-20). After the mRNA has been 
synthesized over the length of the gene, it is released from the 
DNA strand to carry the message r 111 b "I . e process y 
to the cytoplasm and direct the which the informs-
synthesis of a particular protein. tion in a single gene 
Recendy, a form of RNA called is used to make 
microRNA (miRNA) has been an mRNA mole-

described. These non coding RNA cule is ~n?wn as 
molecules are approximately 22 .._ transcnpt•on. 

Sugar
phospha1e 
backbone--· 

Nucleo11de 

Figure 8-t8. Doubl .. stranded DNA molecule, also re
ferred to as a double helix. 

STUDY AID 
Transcription 

Sequence of Bases In Sequence of Bases In 
the DNA Template the mRNA Molecule 

A u 
T A 

G c 
c G 
c G 
G c 
A u 
A u 
T A 



G 

Figure 1·11. DNA replication (see text for details). (An ani-
mated version of this figure can be found on )Oint.) 

nucleotides in length and appear to play a role in controlling 
gene expression and gene silencing. They appear only in 
eukaryotic cells and some viruses that possess a DNA rather 
than an RNA genome. 

The primary enzyme involved in transcription is called 
RNA polymerase (also known as DNA-dependent RNA 
polymerase). Located along the DNA template are various 
nucleotide sequences known as "traffic signals" that let 
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the RNA polymerase know where to start and stop the 
transcription process (i.e., the traffic signals are the starting 
and stopping points for each gene). Each mRNA molecule 
contains the same genetic information that was contained 
in the gene on the DNA template. Note, however, that 
the genetic code in the mRNA ,.- 'I 
molecule is made up of RNA The primary enzyme 
nucleotides, whereas the genetic inv~lv~ i~ 1ran-
code in the DNA template is scr1pt10n 1s called 
made up of DNA nucleotides. RNA polymerase 
Th . fo . . th RNA (also known as 

e m rm~uon m e m DNA-dependent 
molecule will then be used to RNA polymerase). 
synthesize one or more proteins. .._c ______ _, 

In euk:aryotes, transcription occurs within the nucleus. 
The newly formed mRNA molecules then travel through 
the pores of the nuclear membrane, out into the cytoplasm, 
where they take up positions on the protein "assembly line." 
Ribosomes, which are composed of proteins and rRNA, 
att:ract the mRNA molecules. In eukaryotic cells, ribosomes 
are usually attached to endoplasmic reticulum membranes, 
creating what is called rough endoplasmic reticulum. 

In prokaryotes, transcription occurs in the cytoplasm. 
Ribosomes attach to the mRNA molecules as they are being 
transcribed at the DNA; thus, transcription and translation 
(protein synthesis) may occur simultaneously. 

Translation (Protein Synthuis}. The base sequence of 
the mRNA molecule is read or interpreted in groups of 
three basest called cotlmu. The sequence of a codon's three 
bases is the code that determines which amino acid is 
inserted in that position in the protein being synthesized. 
Also located on the mRNA molecule are various codons 
that act as start and stop signals. 

STUDY AID 
Where Vartous 
Processes Occur 

Prokaryotic Cells Eukaryotic Cells 

DNA replication In the cytoplasm 

Transcription 

Translation 

In the cytoplasm 

In the cytoplasm 

In the nucleus 

In the nucleus 

In 1he cytoplasm 

Before they can be used to build a protein molecule, 
amino acids must first be "activated." Each amino acid is 
activated by attaching to an appropriate tRNA molecule, 
which then carries (transfers) the amino acid from the cyto
plasmic matrix to the site of protein assembly. The enzyme 
responsible for attaching amino acids to their corresponding 
tRNA molecules is amino acyl-tRNA synthetase. 
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Direction of transcrlpllon 

Figure 1-20. Transcription. 

Template strand 

The three-base sequence of the codon determines which 
tRNA brings its specific amino acid to the ribosome because 
the tRNA molecule contains an anticodon: a three-base 
sequence that is complementary to, or attracted to, the 
codon of the mRNA. For example, the tRNA with the an
ticodon base sequence UUU carries the amino acid lysine 
to the mRNA codon AAA. Similarly, the mRNA codon 
CCG codes for the tRNA anticodon GGC, which carries 
the amino acid proline. The following chart illustrates the 

sequence of three bases (GGC) 
_.---------., in the DNA template that codes 

Codons are located for a particular codon (CCG) in 
on mANA mole· mRNA, which, in turn, attracts 
cules, whereas anti-
codons are located a particular anticodon (GGC) 
on tANA molecules. on the tRNA carrying a specific 

-"' amino acid (proline). 

DNA mANA tRNA 
Template (Codon) (Anticodon) Amino Acid 

G c G 

f G c G Proline 

c G c 

The process of translating the £ The process by 

message carried by the mRNA, which the genetic 
whereby particular tRNAs bring infonnation within 
amino acids to be bound together an mANA molecule 
in the proper sequence to make a is used to make a 
specific protein, is called translation specific protein is 
(summarized in Fig. 6-21). In this called translation. 
context, translation and protein Translation occurs at 
synthesis are synonyms. It should ... a ribosome. 

be noted that a eukaryotic cell is 
constandy producing mRNAs in its nucleus, which direct the 
synthesis of all the proteins, including metabolic enzymes 
necessary for the normal functions of that specific type of 
cell. Also, mRNA and tRNA are short-lived nucleic acids 
that may be reused many times and then destroyed and 
resynthesized. The rRNA molecules are made in the dense 
portion of the nucleus called the nucleolus. Ribosomes last 
longer in the cell than do mRNA molecules. 

As tRNA molecules attach to m.RNA while it is sliding 
over the ribosome, they bring the correct activated amino 
acids into contact with each other so that peptide bonds 
are formed and a polypeptide is synthesized. Recent evi
dence suggests a role for rRNA (a structural component 
of the ribosome) in the formation of the peptide bonds. As 
the polypeptide grows and becomes a protein, it folds into 
the unique shape detennined by the amino acid sequence. 
This characteristic shape allows the protein to perform its 
specific function. Hone of the bases of a DNA gene is in
correct or out of sequence (lmown as a mutation), the amino 
acid sequence of the gene product will be incorrect and the 
altered protein configuration may not allow the protein to 
function properly. For example, some diabetics may not 
produce a functional insulin molecule because a mutation 
in one of their chromosomes caused a rearrangement of 
the bases in the gene that codes for insulin. Such errors are 
the basis for most genetic and inherited diseases, such as 
phenylketonuria, sickle cell anemia, cerebral palsy, cystic 
fibrosis, cleft lip, clubfoot, extra fingers, albinism, and many 
other birth defects. Likewise, nonpathogenic microbes may 
mutate to become pathogens, and pathogens may lose the 

Cytoplasm 

Ribosome mavement 

Figure 8·21. 1"&nslallon (protein syntheels) (see text for details). (An animated version of this figure can be 
found on tle-f\:.irq 



ability to cause disease by mutation. Mutations are discussed 
further in Chapter 7. 

The relatively new sciences of genetic engineering and 
gene therapy attempt to repair the genetic damage in some 
diseases. As yet, the morality of manipulation of human genes 
has not been resolved by society. However, many genetically 
engineered microbes are able to produce substances, such as 
human insulin, interferon, growth hormones, new pharma
ceutical agents, and vaccines, which will have a substantial 
effect on the medical treatment of humans (see Chapter 7). 

he Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

SeH-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following are the building blocks of 
proteins? 
a. amino acids 
b. monosaccharides 
c. nucleotides 
d. peptides 

2. Glucose, sucrose, and cellulose are examples of: 
a. carbohydrates 
b. disaccharides 
c. monosaccharides 
d. polysaccharides 

3. Which of the following nitrogenous bases is not 
found in an RNA molecule? 
a. adenine 
b. guanine 
c. thymine 
d. uracil 
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4. Which of the following are purines? 
a. adenine and guanine 
b. adenine and thymine 
c. guanine and uracil 
d. guanine and cytosine 

s. Which of the following is not found at the site of 
protein synthesis? 
a. DNA 
b. mRNA 
c. rRNA 
d. tRNA 

e. Which of the following statements are true about 
DNA? Select all that is applicable 
a. DNA contains thymine but not uracil 
b. DNA molecules contain deoxyribose 
c. In a double-stranded DNA molecule, adenine 

on one strand will be connected to thymine on 
the complementary strand by two hydrogen 
bonds 

d. All of the above 

7. The amino acids in a polypeptide chain are 
connected by: 
a. covalent bonds 
b. glycosidic bonds 
c. peptide bonds 
d. both a and c 

e. Which of the following statements are true about 
nucleotides? Select all that is applicable 
a. A nucleotide contains a nitrogenous base 
b. A nucleotide contains a pentose 
c. A nucleotide contains a phosphate group 
d. All of the above 

9. How many carbon atoms does a heptose contain? 
a. 4 
b. 5 
c. 6 
d. 7 

10. Virtually, all enzymes are: 
a. carbohydrates 
b. nucleic acids 
c. proteins 
d. substrates 
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A glucose molecule, CeH120,; black = 
carbon, red = oxygen, whit& = 
hydrogen. Glucose is a common 
source of anergy and carbon tor many 
microbes. 
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After studying this chapter, you should be able to: 

• Define the terms phototroph, chemotroph, 
autotroph, heterotroph, photoautotroph, 
chemoheterotroph, endoenzyme, exoenzyme, 
plasmid, R-factor, •superbug," mutation, mutant, and 
mutagen 

• Discuss the relationships among apoenzymes, 
coenzymes, and holoenzymes 

• Differentiate between catabolism and anabolism 
• Explain the role of adenosine triphosphate (ATP) 

molecules in metabolism 

• Brieffy describe each of the following: biochemical 
pathway, aerobic respiration, glycolysis, the Krebs 
cycle, the electron transport chain, oxidation
reduction reactions, and photosynthesis 

• Explain the differences between beneficial, harmful, 
and silent mutations 

• Brieffy describe each of the following ways in which 
bacteria acquire genetic information: lysogenic 
conversion, transduction, transfonnation, and 
conjugation 

109 
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MICROBIAL PHYSIOLOGY 

Introduction 
Physiology is the study of the vital life processes of organ
isms, especially how these processes nonnally function in 
living organisms. Miavbial physiology concerns the vital life 
processes of microorganisms . .Microorganisms, especially 
bacteria, are ideally suited for use in studies of the basic 
metabolic reactions that occur within cells. Bacteria are 
inexpensive to maintain in the laboratory, take up little 
,.----------.... 

Microbial physiology 
Is the study of the 
life processes of 

space, and reproduce quickly. Their 
morphology, nutritional needs, 
and metabolic reactions are easily 
obserwble. Of special importance 

microorganisms. .; is the fact that species of bacteria 
'"-------· can be found that represent each of 
the nutritional types of organisms on Earth. Scientists can 
learn a great deal about cells-including human cells-by 
studying the nutritional needs of bacteria, their metabolic 
pathways, and why they live, grow, multiply, or die under 
certain conditions. 

Each tiny single-celled bacterium strives to produce 
more cells like itself, and as long as water and an adequate 
nutrient supply are available, it ofum does so at an alarming 
rate. Under favorable conditions, in 24 hours, the offspring 
(progeny) of a single Escherichill coli cell would outnumber the 
entire human population on Earth! Because some bacteria, 
fungi, and viruses produce generation after generation so 
rapidly, they have been used extEnsively in genetic studies. 
In fact, most of today's genetic knowledge was and still is 
being obtained by studying these microbes. 

Microbial Nub'IHonal Requirements 

Studies of bacterial nutrition and other aspects of microbial 
physiology enable scientists to understand the vital chem
ical processes that occur within every living cell, including 
those of the human body. All living protoplasm contains 
six major chemical elements: carbon, hydrogen, oxygen, 
nitrogen, phosphorus, and sulfur. Other elements, usually 
required in lesser amounts, include sodium, potassium, 
chlorine, magnesium, calcium, iron, iodine, and some trace 
elements. Combinations of all these elements make up the 
vital macromolecules of life, including carbohydrates, lipids, 
proteins, and nucleic acids. 

To build necessary cellular materials, every organism 
requires a source (or sources) of energy, a source (or sources) 
of carbon, and additional nutrients. Those materials that 
organisms are unable to synthesize, but are required for 
the building of macromolecules and sustaining life, are 

' termed essmtilllnutrients. Essential 
All organisms require nutrients (e.g., essential amino acids 
a source of energy, and essential fatty acids) must be 
a source of carbon, continually supplied to an organism 
and additional for it to survive. Essential nutrients 
nutrients. 

~-------·.; vary from species to species. 

STUDY AID 
Nutrtents 

The term nutrients refers to the various 
chemical compounds that organisms
including microorganisms-use to 
sustain life. Many nutrients are energy sources; or
ganisms will obtain energy from these chemicals by 
breaking chemical bonds. Whenever a chemical bond 
is broken, energy is released. As nutrients are broken 
down by enzymatic action, smaller molecules are 
produced, which are then used by cells as building 
blocks. Nutrients also serve as sources of carbon, 
nitrogen, and other elements. 

C&legortzlng Microorganisms According to 
lbeir Energy and carbon Sources 
Since the beginning of life on Earth, microorganisms have 
been evolving, some in different directions than others. 
Today, there are microbes representing each of the four 
major nutritional categories: photoautotrophs, photohetero
trophs, chemoautotrophs, and chemoheterotrophs (defined 
later in this chapter). Various terms are used to indicate an 
organism's energy source and carbon source. As you will 
see, these terms can be used in combination (Table 7-1). 

Terms Relating to an Organism's Energy Saun:e 
The tenns phototroph and chemotroph pertain to what 
an organism uses as an energy source. Phototrophs use 
light as an energy source. The process by which organisms 
convert light energy into chemi- r 'I 
cal energy is called photosynthesis. Phototrophs use 
Chemotrophs use either inorganic light as an energy 
or organic chemicals as an energy source, whereas 
source. Chemotrophs can be chem~rophs use 
subdivided into two categories: chemicals as an 
chemolithotrophs and chemo- \ energy source. ) 
organotrophs. Chemolithotrophs 
(or simply lithotrophs) are organisms that use inorganic 
chemicals as an energy source. Chemoorganotrophs (or 
simply organotrophs) are organisms that use organic 
chemicals as an energy source. 

T•ms Relating to an r .... , 
Organism's tarban Saun:e Autotrophs use car-
The terms autotroph and heterotroph bon dioxide as their 
pertain to what an organism uses sole source of ear
as a carbon source. Autotrophs use bon, whereas hat
carbon dioxide (CO:V as their sole erotrophs use. ~ther 
source of carbon. Photosynthetic carbon-containing. 

. compounds as the1r 
orgarusms, such as plants, algae, rb 

d b . 1 f ca on source. , an cyano actena, are examp es o .._ _______ ., 
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Terms Relating to Energy Source Terms Relating to Carbon Source 

Autotrophs (organisms that use C02 as 
a carbon source) 

Heterctrophs (organisms that use organic 
compounds other than C02 as a carbon 
source) 

Phototrophs (organisms that use light as 
an energy source) 

Pholoautotrophs (e.g., algae, plants, 
some photosynthetic bacteria Including 
cyanobacter1a) 

Photoheterotrophs (e.g., some 
photosynthetic bacteria) 

Chemotrophs' (organisms that use Chemoautotroph& (e.g., some bacteria) Chemoheterotrophs (e.g., protozoa, fungi, , 
chemicals as an energy source) animals, most bacteria) 
'--------------------------------------------------------------------------------~~ 
"CherrtOtn~phs can be divided into two categories: (1) chemolithof:rgphs (or simply lithotn~phB) are organisms that use inorganic chemicals aa an 

energy aource and (2) chemoorganotrophB (or simply organotrophs) an1 organisms that use organic chemicals aa an anergy source. 

autotrophs. Heterotrophs are organisms that use organic 
compounds other than C02 as their carbon source. (Recall 
that all organic compounds contain carbon.) Humans, 
animals, fungi, and protozoa are examples ofheterotrophs. 
Both saprophytic fungi, which live on dead and decaying 
organic matter, and parasitic fungi are heterotrophs. Most 
bacteria are also heterotrophs. 

The terms relating to energy source can be combined 
with the terms relating to carbon source, thus yielding terms 
that indicate both an organism's energy source and carbon 
source. For example, photoautotrophs are organisms (such 
as plants, algae, cyanobacteria, and purple and green sulfur 
bacteria) that use light as an energy source and C02 as a 
carbon source. Photoheterotrophs, such as purple nonsulfur 
and green nonsulfur bacteria, use light as an energy source 
and organic compounds other than C02 as a carbon source. 
Chemoautotrophs (such as nitrifying, hydrogen, iron, and 
sulfur bacteria) use chemicals as an energy source and C02 
as a carbon source. Chemoheterotrophs use chemicals as an 
energy source and organic compounds other than C02 as a 
carbon source. All animals, all protozoa, all fungi, and most 
bacteria are chemoheterotrophs. All medically important 
bacteria are also chemoheterotrophs. 

Ecology is the study of the interactions between or
ganisms and the world around them. The term ecosystem 
refers to the interactions between living organisms and 
their nonliving environment. Interrelationships among 
the different nutritional types are of prime importance 
in the functioning of the ecosystem. Phototrophs (such 
as algae and plants) are the producers of food and oxygen 
for chemoheterotrophs (such as animals). Dead plmts 
and animals would clutter the earth if chemohetero
trophic, saprophytic decomposers (certain fungi and 
bacteria) did not break down the dead organic matter 
into small inorganic and organic compounds (carbon 
dioxide, nitrates, and phosphates) in the soil, water, and 
air-compounds that are then used and recycled by chemotrophs 
(Fig. 7-1). Photoautotrophs contribute energy to the 
ecosystem by trapping energy from the sun and using it to 
build organic compounds (carbohydrates, lipids, proteins, 

Figure 7-1. Decomposition of a fallen tree In Rocky Moun
tain National Park. CO. (Provided by Blamed Ed, Round 
Rock, TX.) 

and nucleic acids) from inorganic materials in the soil, 
water, and air. In oxygenic photosynthesis (described later), 
oxygen is released for use by aerobic organisms, such as 
animals and humans. 

METABOLIC ENZVMES 

The term metabolism refers to all the chemical reactions 
that occur within any cell. These chemical reactions are 
referred to as metabolic reactions. The metabolic processes 
that occur in microbes are similar 
to those that occur in cells of the Metabolism refers to 
human body. Metabolic reactions all of the chemical 
are enhanced and regulated by en- reactions (metabolic 
zymes, known as met~~bolic mzymes. reactions) that occur 
A cell can perform a certain met- within a IMng cell. , 
abolic reaction only if it possesses '- "' 
the appropriate metabolic enzyme, and it can possess that 
enzyme only if the genome of the cell contains the gene 
that codes for the production of that enzyme. 
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Biologic Catalysts (Enzymes) 
As you learned in Chapter 6, enzymes are known as biologic 
&IIIMysts. Enzymes are proteins that catalyze (speed up or 
accelerate) the rate of biochemical. reactions. In some cases, 
the reaction will not occur at all in the absence of the en-

r l 
zyme. Thus, a complete definition 

E~zymes are pro- of a biologic catalyst would be a 
te1ns that c~lyze protein that either causes a par-
(accel.erate) b1<: ticular chemical reaction to occur 
chemiCal react1ons. el · 

- -· or ace erates 1t. 
Recall that enzymes are very specific. A particular enzyme 

can catalyze only one particular chemical reaction. In most 
cases, a particular enzyme can exert its effect or act on only 

---...., one particular substance-known 1 
The substance upon as the mbstnzte for that enzyme. 
which an enzyme The unique three-dimensional 
acts is known as the shape of the enzyme enables it 
substrate for that to fit the combining site of the 

..._enzyme. ..J substrate, much 1.ike a key fits into 
a lock (Fig. 7-2). 

An enzyme does not become altered during the chem
ical reaction that it cawyzes. At the conclusion of the 
reaction, the enzyme is unchanged and is available to drive 
that reaction over and over. The enzyme moves from one 
substrate molecule to another at a rate of sevenl hundred 
each second, producing a supply of the end product for as 
long as this particular end product is needed by the cell. 
However, enzymes do not last indefinitely; they finally 
degenerate and lose their activity. Therefore, the cell must 
synthesize and replace these important proteins. Because 
there are thousands of metabolic reactions continually 
occurring in the cell, there are thousands of enzymes 
available to control and direct the essential metabolic 
pathways. At any particular time, all the required enzymes 

need not be present; this situation is controlled by genes 
on the chromosomes and the needs of the cell, which are 
determined by the internal and external environments. For 
enmple, if no lactose is present in the organism's external 
environment, the organism does not need the enzyme 
required to break: down lactose. 

Enzymes produced within a cell that remain within 
the cell-to catalyze reactions within the cell-are called 
mtlom:r.ymes. The digestive enzymes within phagocytes are 
good examples of endoenzymes; they are used to digest 
m~terials that the phagocytes h2ve ingested. Enzymes 
produced within a cell that are then released from the 
cell- to catalyze extracellular reactions-are called exom
zymes. Examples of exoenzymes ,. 
are cellulase and pectinase, which ' Endoenzymes 
are secreted by saprophytic fungi remain within the 
to digest cellulose and pectin in cell that produced 
the external environment (e.g., in them, whereas 
rotting leaves on the forest floor). exoenzymes leave 
Cellulose and pectin molecules the ~II to ca~ 
are too large to be absorbed into reactions outs1de 
fungal cells. The exoenzymes, such ,_ the cell. 
as cellulase and pectinase, breU 
down these large molecules into smaller molecules, which 
can then be absorbed into the cells. 

Hydrolases and polymerases are additional enmples of 
metabolic enzymes. Hydrolases break down macromolecules 
by the addition of water, in a process called hydrolysis or a 
hydrolysis ruaitm. These hydrolytic processes enable sap
rophytes to break apart complex materials, such as leather, 
wu, cork, wood, rubber, hair, and some plastics. Some of 
the enzymes involved in the formation oflarge polymers, 
such as DNA and RNA, are called polymerrlses. As was dis
cussed in Chapter 6, DNA polymerase is active each 1inl:e 
the DNA of a cell is replicated, and RNA polymerase IS 

Normal 
Substrate 

Specific 
Enzyme 

required for the synthesis of messenger RNA 
Substrats-Enzyme Complex (mRNA) molecules. 

As discussed in Chapter 6, some proteins 

/ 
+ 

Products A and B Enzyme 

Figure 7-2. Action of a epeclftc enzwm• (E) breaking down a 1ublllrate ($) 
molecule. 

(called II[Jomz.ymu) cannot, on their own, catalyze 
a chemical reaction. An apoenzyme must link up 
with a cofactor to cat:al~e a chemical reaction .. 
Cofactors are either mineral ions (e.g., magne
sium, calcium, or iron cations) or coenzymes. 
Coenzymes are small organic, vitamin-type 
molecules, such as 
flavin-adenine dinu- ,... To catalyze a reac- ' 
cleotide (FAD) and tion, an apoenzyme 
nicotinamide-adenine must first link up 
dinucleotide (NAD). with a cofactor (ei
These particular co- ther a mineral ion or 
enzymes participate in a coenzyme). 
tbe Krebs cycle, which 
is discussed later in this chapter. Like enzymes, 
coenzymes do not have to be present in large 
amounts because they are not altered during the 
chemical reaction that they catalyze; thus, they 
are available for use over and over. However, 



a lack. of certain vitamins from which the coenzymes are 
synthesized will halt all reactions involving that particular 
coenzyme. 

Factors That Aflacllha Etllclancy 
of Enzymes 
Many factors affect the efficiency or effectiveness of en
zymes. Certain physical or chemical changes can diminish 
or completely stop enzyme activity because enzymes func
tion properly only under optimum conditions. Optimum 
conditions for enzyme activity include a relatively limited 
range of pH and temperature as well as the appropriate 
concentration of enzyme and substrate. Extremes in heat 
and acidity can denature (or alter) enzymes by breaking 
the bonds responsible for their three-dimensional shape, 
resulting in the loss of enzymatic activity. 

An enzyme will function at peak efficiency over a 
particular pH range. If the pH is too high or too low, the 
enzyme will not function at peak efficiency, and the reaction 
that the enzyme catalyzes will not proceed at its maximum 
rate. Likewise, an enzyme will function at peak efficiency 
over a particular temperature range. If the temperature is 
too high or too low, the enzyme will not function at peak 
efficiency, and the reaction that the enzyme catalyus will 
not proceed at ito; maximum nte. 

This explains why a particular bacterium grows best 
at a certain temperature and pH; these are the optimal 
conditions for the enzymes possessed by that bacterium. 
The optimal pH and temperature for growth vary from 
one species to another. 

Substrate concentration is another factor that influences 
the efficiency of an enzyme. H the substrate concentration 
is too high or too low, the enzyme will not function at peak 
efficiency, and the reaction that the enzyme catalyus will 
not proceed at itci maximum nte. 

Although certain mineral ions (e.g., calcium, magnesium, 
and iron) enhance the activity of enzymes by serving as 
cofactors, other heavy metal ions (e.g.,lead, zinc, mercury, 
,.--------~-.. and arsenic) usually act as poisons 

Enzyme efficiency Is to the cell. These to:ric ions inhibit 
Influenced by varl- enzyme activity by replacing the 
ous factors, includ- cofactors at the combining site 
ing pH, temperature, 
and the concentra- of the enzyme, thus inhibiting 
tion of the substrate. nonnal metabolic processes. Some 
~-------..1 disinfectants containing mineral 
ions are effective in inhibiting the growth of bacteria in 
this manner. 

Sometimes a molecule that is similar in structure to 
the substrate can be used as an inhibitor to deliberately 
interfere with a particular metabolic pathway. The enzyme 
binds to the molecule having a similar structure to the 
substrate, thus tying the enzyme up, so that it cannot 
attach to the substrate and cannot catalyze the chemical 
reaction. If that reaction is essential for the life of the cell, 
the cell will stop growing and may die. For example, a 
chemotherapeutic agent, such as a sulfonamide drug, can 
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bind to certain bacterial enzymes, bloclc.ing attachment of 
the enzymes to their substrates and preventing essential 
metabolites from being formed. This could lead to the 
death of the bacteria. 

METABOLISM 

As previously mentioned, the term metabolism refers to all 
the chemical reactions that occur within a cell. The reactions 
are referred to as metabolic reactions. A metabolite is any 
molecule, either a nutrient, an intermediary product, or an 
end product, in a metabolic reaction. 'Within a cell, many 
metabolic reactions proceed simultaneously, breaking down 
some compounds and synthesizing (building) others. Most 
metabolic reactions fall into two categories: catabolism and 
anabolism (Fig. 7-3). 

The term clltllbolism refers to all the catabolic reactions 
that occur in a cell. Clltllbo& reactions, which are described 
in greater detail on page 115, 
involve the breaking down oflarger ( Catabolic reactions ', 
molecules into smaller molecules, involve the breaking 
requiring the breaking of bonds. of chemical bonds 
Any time that chemkal bonds and the release of 
are broken, energy is released. , energy. , 
Catabolic reactions are the .._ _, 
major source of energy fur a cell. Catabolic reactions 
in bacteria are quite diverse because energy sources range 
from inorganic compounds (e.g., sulfide, ferrous ion, and 
hydrogen) to organic compounds (e.g., carbohydrates, 
lipids, and amino acids). 

AMbo/inn refers to all the anabolic reactions that occur 
in a cell. Anabolic reactions, which are described in greater 
detail on page 118, involve the assembly of smaller mol
ecules into larger molecules, requiring the formation of 
bonds. Energy is required for ... 
bond formation. Once formed, I ~abollc reactions 
the bonds represent stored ·~volve the fonma~ 
energy. Anabolic reactions tend l t1on ~ bonds, wh1ch 

be . simil' fo all f requires energy. to qwte ar r types o ..1 

A B 

Anabolic catabolic 
reaction reaction 
(orange) (pink) 

r 
¢ 
t J 

Figure 7-a. Anabolic and catabolic reactions. An anabolic 
reaction joins smaller molecules (A, B) together to produce a 
larger molecule (C). A catabolic reaction breaks a larger mole
cule (C) down into smaller molecules (A, B). 
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cells; the pathways for the biosynthesis of macromolecules 
do not differ much among organisms. Table 7-2 illustrates 
the key differences between cat:abolism and anabolism. 

The energy that is released during catabolic reactions is 
used to drive anabolic reactions. A kind of energy-balancing 
act occurs within a cell, with some metabolic reactions re
~ leasing energy and other membolic 

l
AlP molecules are J reactions requiring energy. The 
the major energy- energy required by a cell may be 
storing or ener- trapped from the rays of the sun 
gy-carrying mole- (as in photosynthesis), or it may 
cules within a cell. be produced by certain catabolic 

reactions. Then, the energy can 
be temporarily stored within high-energy bonds in special 
molecules, usually ATP molecules (Fig. 7-4). Although 
ATP molecules are not the only high-energy compounds 
found within a cell, they are the most important ones. ATP 
molecules are the major energy-storing or energy-carrying 
molecules within a cell. 

ATP molecules are found in all cells because they are 
used to transfer energy from energy-yielding molecules, 
such as glucose, to an energy-requiring reaction. Thus, 
ATP is a temporary, intermediate molecule. If ATP is not 
used shortly after it is formed, it is soon hydrolyzed to 
adenosine diphosphate (ADP), a more stable molecule; the 
hydrolysis of ATP is an example of a catabolic reaction. H a 
cell runs out of ATP molecules, ADP molecules can be used 
as an emergency energy source by the removal of another 
phosphate group to produce adenosine monophosphate 
(AMP); the hydrolysis of ADP is also a catabolic reaction. 
Figure 7-5 illustrates the interrelationships between ATP, 
ADP, and AMP molecules. 

In addition to the energy required for metabolic 
pathways, energy is also required by the organism for 
growth, reproduction, sporulation, movement, and the 
active transport of substances across membranes. Some 

Differences between Catabolism 
and Anabolism 

Catabolism 

All the catabolic reactions 
ina cell 

Catabolic reactions release 
energy 

Catabolic reactions involve 
the breaking of bonds; 
whenever chemical bonds 
are broken, energy is 
released 

Larger molecules are broken 
down into smaller molecules 
(sometimes referred to as 
degradative reactions) 

Anabolism 

All the anabolic reactions 
ina cell 

Anabolic reactions require 
energy 

Anabolic reactions invalva 
the creation of bonds, 
which require energy 

Smaller molecules are 
bonded together to create 
larger molecules (sometimes 
referred to as biosynthetic j 
reactions) 

o- o- o-
1 I I 

0-P-0-P-0-P-0-C~ 

~ ~ ~ I o 
/ '-

~ti ~? 
H 1----f H 

OH OH 

Figure 7·4. Adenosine triphosphate (AlP) molecule. As the 
name Implies, ATP molecules contain three phosphate groups. 

AMP 

PhosphatB Phosphate 

ADP 

PhosphatB Phosphate 

ATP 

Figure 7·6. lnterrelationahipa between adanoaine triphott
phate (AT'P}, adenosine diphosphate (ADP). and adenosine 
monophosphate {AMP) moleGules. 

organisms (e.g., certain planktonic dinoflagellates) even 
use energy for bioluminescence. They cause a glowing 
that can sometimes be seen at the surface of an ocean, in 
a ship's wake, or as waves break on a beach. The value of 
bioluminescence to these organisms is unclear. 

Chemical reactions are essentially energy transformation 
processes during which the energy that is stored in chemical 
bonds is transferred to produce new chemical bonds. The 
cellular mechanisms that release small amounts of energy 
as the cell needs it usually involve a sequence of catabolic 
and anabolic reactions. 



Catabolism 
As previously stated, the term catabolism refers to all the 
catabolic reactions that occur within a cell. The key point 
about catabolic reactions is that they release energy. 
Catabolic reactions are the major source of energy for a 
cell. Catabolic reactions involve the breaking of chemical 
bonds. Any time chemical bonds are broken, energy is 
released. The energy produced by catabolic reactions can 
be used to wiggle flagella and actively transport substances 

through membranes, but most of 

l Catabolic reactions ' the energy produced by catabolic 
release energy reactions is used to drive anabolic 
because chemical reactions. Unfortunately, some of 
bonds are broken. .J the energy is lost as heat. Catabolic 

- reactions are often referred to as 
degradativr reaaitms because they degrade larger molecules 
down into smaller molecules. For example, breaking down 
a disaccharide into i~ two original monosaccharides-a 
hydrolysis reaction-is an example of a catabolic reaction. 

Biochemical Pathways 
A biochemical pathway is a series of lin.lred biochemical 
reactions that occur in a stepwise manner, leading from a 
,-- , starting material to an end product 

Nutrients should be (Fig. 7 -6). 
thought of as energy Glucose is the favorite "food" 
sources, and chem- or nutrient of cells, including mi-
lcal bonds as stored croorganisms. Nutrients should 
energy. _, be thought of as energy souttes, 

and chemical bonds as stored 
energy. Whenever the chemical bonds within the nutrients 
are broken, energy is released. 

There are many chemical processes by which glucose 
is catabolized within cells. Two common processes are the 
biochemical pathways, known as aerobic respiration, and 
fermentation reactions, which are discussed later in this 
chapter. Additioml pathways for catabolizing glucose, such 
as the Entner-Doudoroff pathway, the pentose phosphAte 
pathway, and anaerobic respiration, will not be described 
because they are beyond the scope of this book. 

Aarablc Rasplrallon o1 Glucose 
The complete catabolism of glucose by the process known 
as aerobic respiration (or cellular respiration) occurs in 
three phases, each of which is a biochemical pathway: 

Aerobic respiration 
involves (a) glycol
ysis, (b) the Krebs 
cycle, and (c) the 
electron transport 
chain. 

(a) glycolysis, (b) the Krebs 
cycle, and (c) the electron trans
port chain. Although the first 
phase-glycolysis-is an anaero
bic process, the other two phases 
require aerobic conditions; hence 
the name aerobic respiration. 

Glycolysis. Glycolysis, also known as the glycolytic patlnvay, 
the Embden--Meyerhof pathway, and the Embden-Meyerhof
Pamas pathway, is a nine-step biochemical pathway involving 
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Enzyme 
4 

I ,: 

Figure 7-1. A biochemical pathway. There are four steps in 
this hypothetical biochemical pathway, in which compound A is 
ultimately converted to compound E. Compound A is first con
verted to compound B, which in b.Jm is converted to compound 
C, then to compound D, and finally to compound E. Compound 
A is referred to as the starting material; compounds B, C, and 
D as intermediate (or intermediary) products; and compound E 
as the end product. A total of four enzymes are required in this 
pathway. The substrate for enzyme 1 Is compound A, the sub
strate for enzyme 2 is compound B, and so on. 

nine separate biochemical reactions, each of which requires 
a specific enzyme (Fig. 7-7). 

In glycolysis, a six-carbon molecule of glucose is ul
timately broken down into two three-carbon molecules 
of pyruvic acid (also called /!'J"I'UIIte). Glycolysis can take 
place either in the presence of oxygen or in the absence of 
oxygen; oxygen does not participate in this phase of aerobic 
respiration. Glycolysis produces very little energy----a net 
yield of only two molecules of ATP. Glycolysis takes place 
in the cytoplasm of both prokaryotic and eukaryotic cells. 

Krebs Cycle. The pyruvic acid molecules produced 
during glycolysis are converted into acetyl-coenzyme 
A (acetyl-CoA) molecules, which then enter the Krebs 
cycle (Fig. 7 -8). 

The Krebs cycle is a biochemical pathway consisting 
of eight separate reactions, each of which is controlled by 
a different enzyme. In the first step of the Krebs cycle, 
acetyl-CoA combines with oxaloacetate to produce citric 
acid (a tricarboxylic acid [TCA]); hence the other names 
for the Krebs cycle-the citric acid cycle, the tricarboxylic 
acid cycle, and the TCA cycle. It is referred to as a cycle 
because at the end of the eight reactions, the biochemical 
pathway ends up back. at its starting point-oxaloacetate. 
Only two ATP molecules are produced during the 
Krebs cycle, but several products (e.g., NADH, FADH2, 

STUDY AID 
A Biochemical Pathway 

Think of a biochemical pathway as a 
journey by car. To drive from city A to 
city E, you must pass through cities B, 
C, and D. City A is the starting point. City E is 
the destination or end point. Cities B, C, and D are 
intennediate points along the journey. 
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Glucose 

ATP -..j 
ADP ---'f 

Gluoose-6-P 

J 
Fructose-6-P 

ATP~ 
ADP~ 

Fructose-1,6-P2 

Dlhyd_on .. P d 
Glyceraldehyde-3-P 

NAD~ 
NADH~ 
1,3-dlphosphoglycerlc acid 

ADP-..j 
ATP~ 

3-phosphoglyceric acid 

J 
2-phosphoglyceric acid 

J 
2-phosphoenolpyruvlc acid 

~=:i 
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Rgure 7-7. Glycolysis. Each of the compounds from 
glucose to fructose-1,6-P2 contains six-carbon atoms. 
Fructose-1,6-P 2 is broken into two three-carbon compounds, 
dlhydroxyacetone-P and glyceraldehyde-3-P. each of which Is 
ultimately transformed Into a molecule of pyruvic acid. Thus, In 
glycolysis, one six-carbon molecule of glucose is converted to 
two three-carbon molecules of pyruvic acid (see text for 
additional details). ADP, adenosine diphosphate; ATP. 
adenosine triphosphate; NAD, nicotinamide-adenine 
dinucleotide, NADH Is the reduced form of NAD. {From 
Volk WA, et al. Essentials of Medical Mlci'Oblotogy. 5th ed. 
Philadelphia, PA: Uppincott-Raven; 1998.) 

and hydrogen ions) that are formed during the Krebs cycle 
enter the electron transport chain. (NADH is the reduced 
fonn ofNAD, and FADH2 is the reduced form of FAD). 
In euk:aryotic cells, the Krebs cycle and the electron trans
port chain are located within mitochondria. (Recall from 
Chapter 3 that mitochondria are refetted to as "energy 
factories" or "power houses.") In prokaryotic cells, both 
the Krebs cycle and the electron transport chain occur at 
the inner surface of the cell membrane. 

Pyf eoe,....,.A 

~ C02+~ 
Acetyi-CoA 

Oxaloacetate 

~y 0-\ 
Malate 

( 0•~·~ 
Fum~ ) 

~~ ,,,.,_ 
Succinate A 

""'!>-- a-ke!01Jiutarate.........- \ ~ 
f C02+~ 

~+C02 
Rgure 7-8. 1be Krebs cycle (see text for details). (From 
Volk WA, et al. Essentials of Medical Microbiology. 5th ed. 
Philadelphia, PA: Uppincott-Raven; 1996.) 

Electron Transport Chain. As previously mentioned, 
certain of the products produced during the Krebs cycle 
enter the ekctron tnmsport ch11in (also called the electron 
transport system or respiratory chain). The electron 
transport chain consists of a series of oxidation-reduction 
reactions (described on page 117), whereby energy released 
as electrons are transferred from one compound to another. 
These compounds include flavoproteins, quinones, non
heme iron proteins, and cytochromes. Oxygen is at the 
end of the chain; it is referred to as the final or terminal 
electron acceptor. 

Many different enzymes are involved in the electron 
transport chain, including cytochrome oxidase (also called 
cytochrome c, or merely oxidase), the enzyme responsible 
for transferring electrons to oxygen, the final electron 
acceptor. In the clinical microbiology laboratory, the OJ:

idase test is useful for the identification (speciation) of a 
Gram-negative bacillus that has been isolated from a clinical 
specimen. 'Whether or not the organism possesses oxidase 
is an important clue to the organism's identity. 

During the electron transport chain, a large number of 
ATP molecules are produced by a process known as oxidative 
phosphorylation--oxidation referring to a loss of electrons 
and phosphorylation refening to the conversion of ADP 



The breakdown of 
glucose by aerobic 
respiration produces 
38 AlP molecules in 
prokaryotic cells and 
36 to 38 ATP mole-
cutes In eukaryottc 
cells. 

1 molecules to ATP molecules. The 
net yield of ATP molecules from 
the catabolism of one glucose 
molecule by aerobic respiration is 
3 8 in prokaryotic cells and 3 6 to 
3 8 in eukaryotic cells (Table 7 -3). 
That is a great deal of energy from 

..! one molecule of glucose! Aerobic 
.... ______ _. respiration is a very efficient sys-

tem. It produces 18 to 19 times as much energy as does 
fermentation of glucose (see Table 7-3). 

The chemical equation representing aerobic respiration 
is as follows: 

CJ1120 6 + 602 + 38 ADP + 38@ ~ 6H20 + 
6C02 + 38ATP 

where 0 indicates an activated phosphate group. 
The catabolism of glucose by aerobic respiration is just 

one of many ways in which cells can catabolize glucose 
molecules. How glucose is utilized by a cell depends on 
the individual organism, its available nutrient and energy 
resources, and the enzymes it is able to produce. Some 
bacteria degrade glucose to pyruvic acid by other metabolic 
pathways. Also, glycerol, fatty acids from lipids, and amino 
acids from protein digestion may enter the Krebs cycle 
to produce energy for the cell when necessary (i.e., when 
there are insufficient carbohydrates available). 

Fermentalilll of Glucose 
The first thing to note about fermen'tlltUm reactions is that 
they do not involve oxygen; therefore, fermentations usu
ally take place in anaerobic environments. The first step 
in the fermentation of glucose is glycolysis, which occurs 

..-- -..... 

l Oxygen does not 
participate in fer
mentation reactions. 

exactly as previously described. 
Remember that glycolysis does 
not involve oxygen, and very little 
energy (two ATP molecules) is 
produced by glycolysis. 

Recap of the Theoretical Maximum 
Yield of ATP Molecules Produced from One 
Molecule of Glucose by Aerobic Respiration 

Glycolysis 
Krebs cycle 
Electron transport chain 
Total AlP molecules 

,t;TP, adenosine triphosphate. 

Prukaryotlc 
Cells 

2 
2 
34 
38 

Eukaryolc 
Cells 

2 
2 

32-348 

36-3&-

'Varlas depending upon how many NADH molecules produced during 
glycolysis enter the mitochondria. 
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The next step in fermentation reactions is the conversion 
of pyruvic acid into an end product. The particular end 
product that is produced depends on the specific organ
ism involved. The various end products of fermentation 
have many industrial applications. For example, certain 
yeasts (SIICCh~ces spp.) and bacteria (ZymqmtmaS spp.) 
convert pyruvic acid into ethyl alcohol (ethanol) and C02• 

Such yeasts are used to make wine, beer, other alcoholic 
beverages, and bread. 

A group of Gram-positive bacteria, called lactic acid 
biKRrill, convert pyruvic acid to lact:i.c acid. These bacteria 
are used to make various food products, including cheeses, 
yogurt, pickles, and cured sausages. In human muscle cells, 
the lack of oxygen during extreme exertion results in pyruvic 
acid being converted to lactic acid. The presence oflactic 
acid in muscle tissue is the cause of soreness that develops 
in exhausted muscles. Some oral bacteria (e.g., various 
Stnptot:rKcUs spp.) convert glucose into lactic acid, which 
then eats away the enamel on our teeth, leading to tooth 
decay. The presence of lactic acid bacteria in mille_ causes 
the souring of milk into curd and whey. 

Some bacteria convert pyruvic acid into propionic acid. 
Propioniblll:t:erium spp. are used in the production of Swiss 
cheese. The propionic acid they produce gives the cheese 
its characteristic flavor, and the C02 that is produced cre
ates the holes. Other end products of fermentation include 
acetic acid, acetone, butanol, butyric acid, isopropanol, and 
succinic acid. 

Fennentation reactions produce very little energy 
(approximately two ATP molecules); therefore, they are 
very inefficient ways to catabolize glucose. Aerobes and 
facultative anaerobes are much f ", 
more efficient in energy production The breakdown of 
than obligate anaerobes because glucose by fermen-
they are able to catabolize glucose tation produces only 

two ATP molecules. 
via aerobic respiration. .,_ ) 

Oxidation-Reduction (RedOX) Reactions 
Oxidation-reduction reactions are paired reactions in which 
electrons are transferred from one compound to another 
(Fig. 7-9). Whenever an atom, ion, or molecule loses one 
or more electrons (e-) in a reaction, the process is called 
oxidation, and the molecule is ' , 
said to be oxidized. The electrons Oxidation reactions 
that are lost do not Boat about at Involve the toss of 

random but, because they are very an electron, whereas 
reduction reactions reactive, attach immediately to involve the gain of 

another molecule. The resulting an electron. 
gain of one or more electrons .,_ 
by a molecule is called mluaWn, 

) 

and the molecule is said to be reduced. Within the cell, an 
oxidation reaction is always paired (or coupled) with a 
reduction reaction; thus the term oxidation-reduction or 
"redox" reactions. In a redox reaction, the electron donor is 
referred to as the reducing agent, and the electron acceptor 
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Figure 7-8. An oxidation-reduction reaction. In this illus
tration, an electron hes been transferred from compound A to 
compound B. Two reactions have occurred simultaneously. 
Compound A has l~t an electron (an oxidation reaction), and 
compound B hes ga1ned an electron (a reduction raection). 
Oxidation is the loss of an electron, whereas reduction is the 
gain of an electron. Compound A has been oxidized, and com
pound B has been reduced. The term reduction relates to the 
fact that an electron has a negative charge. When compound B 
receives an electron, its electrical charge is reduced. 

as the oxidizing agent. Thus, in Figure 7-9, compound A is 
the reducing agent, and compound B is the oxidizing agent. 

As stated earlier, the electron transport chain consists of 
a series of oxidation-reduction reactions, whereby energy 
released as electrons is transferred from one compound 
to another. Many biologic oxidations are referred to as 
debydropwt'Um naaions because hydrogen ions (H+) as well 
~electrons ~e remov~d. Concurrently, those hydrogen 
~ons m~t be ptcked up m a reduction reaction. Many good 
illustrations are found in the aerobic respiration of glucose, 
in which the hydrogen ions released during the Krebs cycle 
enter the electron transport chain (see "Why An2erobes 
Die in the Presence of Oxygen" on .¥Point). 

Anabolism 

As previously stated, anabolism refers to all the tmilboJic 
reactions that occur in a cell. Anabolic reactions require 
energy because chemical bonds are being formed. It 
requires energy to create a chemical bond. Most of the 

energy required for anabolic 
Anabolic reactions reactions is prorided by the 
require energy be- catabolic reactions that are 
cause chemical occurring simultaneously in 
bonds are being the cell Anabolic reactions are 

_formed. .,J often referred to as biosynthetic 
reactions. Examples of anabolic 

reactions include creating a disaccharide from two mono
saccharides by dehydration synthesis, the biosynthesis of 
polypeptides by linking amino acid molecules together, 
and the biosynthesis of nucleic acid molecules by linking 
nucleotides together. 

Blasynlhuls of Organic Compounds 
The biosynthesis of organic compounds requires energy 
an~ m~y occur through either photosynthesis (biosynthesis 
usmg light energy) or chemosynthesis (biosynthesis using 
chemical energy). 

Photosynthesis. In photosynthesis, light energy is 
converted to chemical energy in the form of chemical bonds. 
Phototrophs that use C02 as their carbon source are called 
photoautotrophs; examples are algae, plants, cyanobacteria, 
and certain other photosynthetic bacteria. Phototrophs that 
use small organic molecules, such as acids and alcohols, 
to build organic molecules are called photoheterotrophs; 
some types of bacteria are photohet:erotrophs. 

!he goal of photosynthetic processes is to trap the 
radiant energy of light and convert it into chemical bond 
energy in ATP molecules and carbohydrates, particularly 
glucose, which can then be converted into more ATP mol
ecules at a later time through aerobic .respiration. Bacteria 
that produce oxygen by photosynthesis are called oxygenic 
photosynthe~c hackri4, and the process is known as oxygenic 
photosynthens. The oxygenic photosynthesis reaction is as 
follows: 

6C02 + 12H20 ~ CJI120 6 + 602 + 
6H20 + ATP+ <e: 

Note that this reaction is almost the reverse of the aerobic 
:espiration _reaction; it is nature's way of balancing substrates 
m the envtronment. In aerobic respiration, glucose and 
oxygen are ultimately converted into water and carbon 
dioxide. In oxygenic photosynthesis, water and carbon 
dioxide are converted into glucose and oxygen. 

Photosynthetic reactions do not always produce oxygen. 
Purple sulfur bacteria and green sulfur bacteria (which are 
obligate anaerobic photoautotrophs) are referred to as an
oxygenic photosynthetic bacteria because their photosynthetic 
processes do not produce oxygen (tmoxygenic photosynthesis). 
These bacteria use sulfur, sulfur compounds (e.g., H2S gas), 
or hydrogen gas to reduce C02, rather than H 20. 

Bacterial photosynthetic pigments use shorter wave
lengths of light, which penetrate deep within a body of 
water or into mud where it appears to be dark. In the 
absence of light, some phototrophic organisms may survive 
anaerobically by the fennentation process alone. Other 
phototrophic bacteria also have a limited ability to use 
simple organic molecules in photosynthetic reactions; 
thus, they become photoheterotrophic organisms under 
certain conditions. 

Chemosynthesis. The chemosynthetic process involves 
a chemical source of energy and raw materials for synthesis 
of the metabolites and macromolecules required for growth 
and function of the organisms. Chemotrophs that use C02 

as their carbon source are called chemoautotrophs. Examples 
of chemoautotrophs are a few primitive types of bacteria. 
You will recall that some archaea are methanogens; they 
are chemoautotrophs also. Methanogens produce methane 
in the following manner: 



Chemotrophs that use organic molecules other than C02 

as their carbon source are called chemoheterotrophs. Most 
bacteria, as well as all protozoa, fungi, animals, and humans, 
are chemoheterotrophs. 

BACTERIAL GENETICS 

It would be impossible to discuss the genetics of all types 
of microorganisms in a book of this size. (Recall that some 
microbes are prokaryotic, and others are eukaryotic.) There
fore, the following discussion of bacterial genetics will serve 
as an introduction to the subject of microbial genetics. 

Genetkr-the study of heredity-involves many subtopics, 
some of which (e.g., DNA, genes, the genetic code, chro
mosomes, DNA replication, tnnscription, and translation) 
have already been addressed in this book. The topics thus 
far discussed all relate to molecular genetics-genetics at 
the molecular level. 

An organism~ genotype (or genome) is its complete 
collection of genes, whereas an organism's pbentJtype is all 
the organism~ physical traits, attributes, or characteristics. 

Phenotypic characteristics ofhu-
An organism's gen- mans include hair, eye, and skin 
otype (or genome) color. Phenotypic characteristics 
Is Its complete of bacteria include the presence 
collection of ganes, or absence of certain enzymes and 
whereas an organ-
ism's phenotype such structures as capsules, flagella, 
is all the physical fimbriae, and pili. An organism~ 
traits, attributes, or phenotype is dictated by that or-
characteristics of ganism's genotype. Phenotype is 
the organism. the manifestation of genotype . 

... _______ .) For example, an organism cannot 

produce a particular en:r;yme unless it possesses the gene 
that codes for that enzyme. It cannot produce flagella unless 
it possesses the genes necessary for flagella production. 

Most bacteria possess one chromosome, which usually 
consists of a long, continuous (circular), double-stranded 
DNA molecule, with no protein on the outside (as is found 
in euk:aryotic chromosomes). A particular segment of the 
chromosome constitutes a gene. The chromosome can be 
thought of as a circular strand of genes, all linked together
somewhat like a string of beads. Genes are the fundamental 
units of heredity that carry the information needed for the 
special characteristics of each different species of bacteria. 
Genes direct all functions of the cell, proridingit with 
its own particular traits and individuality. 

As you learned in Chapter 6, the information in a gene 
is used by the cell to make an mRNA molecule (via the 
process known as ttansc:ription). Then, the information 

.._ 

Constitutive ganes 
are expressed at 
all times, whereas 
inducible genes 
are expressed only 
when needed. 

in the mRNA molecule is used 
to make a gme produa (via the 
process known as ttanslation). 
Most gene products are proteins, 
but ribosomal RNA (rRNA)t mi-

J croRNA (miRNA), and transfer 
RNA (tRNA) molecules are also 
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coded for by genes and, therefore, represent other types of 
gene products. When the information in a gene has been 
used by the cell to make a gene product, the gene coding for 
that particular gene product is said to have been expressed. 
All the genes on the chromosome are not being expressed 
at any given time. That would be a terrible waste of energy! 
For example, it would be pointless for a cell to produce a 
particular enzyme if that enzyme was not needed. Genes 
that are expressed at all times are called constitutive genes. 
Those that are expressed only when the gene products are 
needed are called inducihk genes. 

Because there is only one chromosome that replicates 
just before cell divisiont identical traits of a species are 
passed from the parent bacterium to the daughter cells 
after binary fission has occurred. DNA replication must 
precede binary fission to ensure that each daughter cell has 
exactly the same genetic composition as the parent cell. 

Mutations 
The DNA of any gene on the chromosome is subject to 
accidental alteration (e.g., the deletion of a base pair), 
which alters the gene product and perhaps also alters the 
trait that is controlled by that gene. If the change in the 
gene alters or eliminates a trait in such a way that the cell 
does not die or become incapable of division, the altered 
trait is transmitted to the daughter cells of each succeeding 
generation. A change in the characteristics of a cell caused 
by a change in the DNA moleeule (genetic alteration) that is 
transmissible to the offspring is called a mutlltUm. There are 
three categories of mutations: beneficial mutations, harmful 
(and sometimes lethal) mutations, and silent mutations. 

Bmefoial mutlltUms, as the name implies, are of benefit 
to the organism. An example would be a mutation that 
enables the organism to survive in an environment where 
organisms without that mutation would die. Perhaps the 
mutation enables the organism to be resistant to a partic
ular antibiotic. 

An example of a hllrllljuJ mutation would be a mutation 
that leads to the production of a nonfunctional enzyme. 
A nonfunctional enzyme is unable 
to catalyze the chemical reaction ..- Beneficial mutations ' 
that it would normally catalyze if are of benefit to an 
it were functional. Hit happens organism, whereas 
to be an enzyme that catalyzes a harmful mutations 
metabolic reaction essential to result in the produc-
the life of the cell, the cell will tion of nonfunctional 
die. Thus, this is an example of enzymes. Some 
a lahaJ m'UtlltUm. Not all harmful harmful mutations 
mutations are lethal. are lethal to the 

In all likelihood, most mu- ~..._o_rg_an_l_sm_. ___ / 
tations are silent mutatitmS (or 
neutral mutations); that ist they have no effect on the cell. 
For example, if the mutation causes an incorrect amino 
acid to be placed near the center of a large, highly convo
luted enzyme, composed of hundreds of amino acids, it is 
doubtful that the mutation would cause any change in the 
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structure or function of that enzyme. If the mutation causes 
no change in function, it is considered silent. 

Most likely, spontaneous mutations (random mutations 
that occur natuHl.ly) occur more or less constantly through
out a bacterial genome. However, some genes are more 
prone to spontaneous mutations than others. The rate at 
which spontaneous mutations occur is usually expressed in 
terms of the frequency at which a mutation will occur in a 
particular gene. This rate varies from 1 mutation every 104 

(10,000) rounds of DNA replication to 1 mutation every 
1012 (1 trillion) rounds of DNA replication. The average 
spontaneous mutation rate is about 1 mutation every 106 

(1 million) rounds of DNA replication. In other words, the 
odds that a spontaneous mutation will occur in a particular 
gene are about one mutation per million cell divisions. 

The mutation rate can be increased by exposing cells 
to physical or chemical agents that affect the chromosome. 
Such agents are called mutagmr. In research laboratories, 

Physical or chemical 
agents that cause 
an increased muta
tion rate are called 
mutagens. 

x-rays, ultraviolet light, and ra
dioactive substances, as well as 
certain chemical agents are used 
to increase the mutation rate 
of bacteria, thus causing more 

..J mutations to occur. The organ-
ism containing the mutation is 

called a mutant. Bacterial mutants are used in genetic and 
medical research and in the development of vaccines. The 
types of mutagenic changes frequently observed in bacteria 
involve cell shape, biochemical activities, nutritional needs, 
antigenic sites, colony characteristics, virulence, and drug 
resistance. Nonpathogenic "live" virus vaccines, such as the 
Sabin vaccine for polio, are examples of laboratory-induced 
mutations of pathogenic microbes. 

In a test procedure called the Ames test (developed by 
Bruce Ames in the 1960s), a mutant strain of St~lm~lla 
is used to learn whether a particular chemical (e.g., a 
food additive or a chemical used in some type of cos
metic product) is a mutagen. If exposure to the chemical 

causes a reversal of the organism's mutation (known as 
a back mutation), then the chemical has been shown 
to be mutagenic. If the chemical is mutagenic, then it 
might also be carcinogenic (cancer causing) and should 
be tested using laboratory animals or cell cultures. Many 
substances found to be mutagenic by the Ames test have 
been shown to be carcinogenic in laboratory animals. 
Substances that are carcinogenic in laboratory animals 
might also be carcinogenic in humans. 

Ways in Which Bacteria Acquire 
New Genallc lnfonnatlon 

There are at least four additional ways in which the genetic 
composition of bacteria can be changed: lysogenic conver
sion, transduction, transformation, and conjugation. These 
are ways in which bacteria acquire new genetic information 
(i.e., acquire new genes). If the new genes remain in the 
cytoplasm of the cell, the DNA molecule on which they 
are located is called a plllsmid (Fig. 7-10). Because they 
are not part of the chromosome, plasmids are referred 
to as extrachromosomal DNA. Many different types of 
plasmids have been discovered, and information about 
them all would fill many books. Some plasmids contain 
many genes, others only a few, but, in all cases, the cell is 
changed by the acquisition of these genes. Some plasmids 
replicate simultaneously with chromosomal DNA rep
lication; others replicate independently at various other 
times. A plasmid that either can exist autonomously (by 
itself) or can integrate into the chromosome is referred 
to as an episome. Some plasmid genes can be expressed as 
e.n:rachromosomal genes, but others must integrate into 
the chromosome before the genes become functional. 

Lysaganlc Conversion 
As mentioned in Chapter 4, there are two categories of 
bacteriophages (phages): virulent phages and temperate 
phages. Vtrulent phages (which were described in Chapter 4) 

Figure 7·10. Plasmlds. A. Disrupted E. coli cell. The DNA has spilled out, and a plasmid can be 
seen slightly to the left of top center (atTOw). B. Enlargement of a plasmid, which Is about 1 ~ 
from side to side. (From Volk WA, et al. Essentials of Medical MlcrobJology. 4th ed. Philadelphia, 
PA: JB Lippincott; 1991 .) 



STUDY AID 
Ways in Which Bacteria 
Acquire New Genetic 
lnfonnatlon 

Mutations (Involve changes in 
the base sequences of genes) 

Lysogenic conversion (Involves bacteriophages and 
the acquisition of new viral genes) 

Transduction (Involves bacteriophages and the 
acquisition of new bacterial genes) 

Transformation (Involves the uptake of 
"naked• DNA) 

Conjugation (Involves the transfer of genetic 
information from one cell to another involving what 
is known as a sex pilus) 

always cause the lytic cycle to occur, ending with the de
struction (lysis) of the bacterial cell. 

After tempmzte phages (also known as lysogenic phages) 
inject their DNA into the bacterial cell, the phage DNA 
integrates into (becomes part of) the bacterial chromosome 
but does not cause the lytic cycle to occur. This situation-in 
which the phage genome is present in the cell but is not 
causing the lytic cycle to occur-is known as lysogeny. During 
lysogeny, all that remains of the phage is its DNA; in this 
form, the phage is referred to as a prophage. The bacterial 
cell containing the prophage is referred to as a lysogenic cell 
or lysogenic bacterium. Each time a lysogenic cell undergoes 
binary fission, the phage DNA is replicated along with the 
bacterial DNA and is passed on to each of the daughter 
cells. Thus, the daughter cells are also lysogenic cells. 

Although the prophage does not usually cause the 
lytic cycle to occur, certain events (e.g., exposure of the 
bacterial cell to ultraviolet light or certain chemicals) can 
trigger it to do so. While the prophage is integrated into 
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the bacterial chromosome, the 
bacterial cell can produce gene 
products that are coded for by 
the prophage genes. The bacterial 
cell will exhibit new properties-a 
phenomenon known as lysogenic 
conversion (or phage txmVenion). 
In other words, the bacterial cell 
has been converted as a result of 

A lysogenic bac
terium is capable 
of producing one 
or more new gene 
products as a re
sult of infection 
by a temperate 
bacteriophage. ... _______ .) 

lysogeny and is now able to produce one or more gene 
products that it was previously unable to produce. 

A medically related example of lysogenic conversion 
involves the disease diphtheria. Diphtheria is caused by 
a toxin-called diphtheria toxin-that is produced by a 
Gram-positive bacillus named CfYfJ'IItbactmum diphtberiae. 
Interestingly, the C. diphtheritu genome does not nonnally 
contain the gene that codes for diphtheria toxin. Only cells 
of C. dipbtberitu that contain a prophage can produce diph
theria toxin because it is actually a phage gene (called the 
tm: gene) that codes for the toxin. Strains of C. diphtberitu 
capable of producing diphtheria toxin are called toxigenic 
stmins. and those unable to produce the toxin are called 
nontoxigenic stmins. A nonto.xigenic C. diphtberiae cell can 
be converted to a toxigenic cell as a result of lysogeny. As 
previously mentioned, conversion as a result of lysogeny 
is referred to as lysogenic conversion. The phage that in
fects C. diphtberitle-the phage having the tm: gene in its 
genome-is c:alled a corynebacteriophage. 

Other medically related examples oflysogenic conversion 
involve Strept«ctccuspyogenes, C~um lx!tulinum, and VIbrio 
chokme. Only strains of S.I!JOgeru:s that carry a prophage are 
capable of producing erythrogenic toxin-the toxin that 
causes scarlet fever. Only strains of C. botulinum that carry 
a prophage can produce botulinal toxin, and only strains 
of V. cholerae that carry a prophage can produce cholera 
to:Dn. Thus, without being infected by bacteriophages, 
these bacteria could not cause scarlet fever, botulism, and 
cholera, respectively. A recap ofbacteriophage terminology 
can be found in Table 7-4. 

'lillie 7-4 1..i.(EJ"iJBA=LHn.i(tJ~ Ill 

~ - ===================================t!! 
Tenn 

Bacteriophage (or phage) 
Lysogenic cell (or lysogenic bacterium) 
Lysogenic conversion 
Lysogeny 

Lytic cycle 

Prophage 

Temperate bacteriophage (or lysogenic 
bacteriophage) 
Virulent bacteriophage 

Meaning 

A virus that infects bacteria 
A bacterial cell with bacteriophage DNA integrated into its chromosome 
When a bacterial cell has acquired new phenotypic characteristics as a result of lysogeny 
When the bacteriophage DNA Is Integrated Into the bacterial chromosome; the bacte
riophage DNA replicates along with the chromosome 
The sequence of events in the multiplication of a virulent bacteriophage; ends with 
lysis of the bacterial cell 
The name given to the bacteriophage when all that remains of It Is Its DNA, Integrated 
Into the bacterial chromosome 
A bacteriophage whose DNA integrates into the bacterial chromosome but does not 
immediately cause the lytic cycle to occur 
A bacteriophage that always causes the lytic cycle to occur 



122 Section Ill • Chemical and Genetic AspectS of MicJ'llorg:tnierns 

Transduction 
Tn~nsduaion also involves bacteriophages. Transduction 
means "to cany across." Some bacterial genetic material 
may be carried across from one bacterial cell to another 
by a bacterial virus. This phenomenon may occur after 
infection of a bacterial cell by a temperate bacteriophage. 
The viral DNA combines with the bacterial chromo
r- - -l some. becoming a prophage. If 

Only small seg- a stimulating chemical, heat, or 
ments of DNA are ultraviolet light activates the 
transferred from cell prophage, it begins to produce 
to cell by transduc-
tion compared with new viruses via the production 
the amount that can of phage DNA and proteins. As 
be transferred by the chromosome disintegrates, 
transformation and ,I small pieces of bacterial DNA 
conjugation. _ may remain attached to the 

'-- maturing phage DNA. During 
the assembly of the virus particles, one or more bacte
rial genes may be incorporated into some of the mature 
bacteriophages. 'When all the phages are released by cell 
lysis, they proceed to infect other cells, some injecting 
bacterial genes as well as viral genes. Thus, bacterial 
genes that are attached to the phage DNA are carried 
to new cells by the virus. As explained on • of' :>t)int ("A 
Closer Look at Transduction"). there are two types of 
transduction: generalized transduction and specialized 
transduction. Generalized transduction is illustrated in 
Figure 7-11. 

HISTORICAL 
NOTE 
Transfonnation and the Discovery 
of the •Hereditary Molecule" 

Transfonnatlon was first demonstrated In 
1928 by the British physician Frederick 

Griffith and his colleagues, performing 
experiments with S. pneumonlae and 
mice. Although the experiments demon
strated that bacteria could take up 

genetic material from the external envi
ronment and thus be transformed, It was not known 
at that time what molecule actually contained the 
genetic Information. It was not untll1944 that Oswald 
Avery, Colin Macleod, and Maclyn McCarthy, who 
also experimented with S. pneumoniae, first demon
strated that DNA was the molecule that contained 
genetic information. Whereas Griffith's experiments 
were conducted in vivo, Avery's experiments were 
conducted in vitro. Experiments conducted in 1952 
by Alfred Hershey and Martha Chase, using E. coli 
and bacteriophages, confirmed that DNA carried the 
genetic code. 

® Ba1:11!ffal DNA 
II fragii'Mintlld 
uphag• 
repllc:atelt. 

tfi COrn~~ 
·~_5b&'1r'~~ 
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@ A fragment of bacterial DNA . . • 18 lncorporded lniD • phage 
~. Wh1n 1he bactllrt1l c:.ll 

==~·-·.. . ) 

@ Thlphage 
containing 
bacterial DNA 
lnfllcta • MW ~:~~11. 

i 

Figure 7-'11. Generalized traneduetlon. (An animated ver
sion of this ftgure can be found on ' ·~oill£.) 

Transformation 
In t:lrl7!.sformatcm, a bacterial cell becomes genetically 
transformed after the uptake of DNA fragments ("naked 
DNA") from the environment (Fig. 7-12). Transformation 
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were converted to type 1 (encapsulated) bacteria as a result 
of the uptake of the genes that code for capsule production. 

Transformation is probably not widespread in nature. 
In the laboratory; it has been demonstrated to occur in 
several genera of bacteria, including BIICillus, Est:berichia, 
Hllt'llf()jJhilus, Pmufqmtm~~S, and Neisseria. Transformations 
have even been shown to occur between two different 
species (e.g., between Staphyl«oaus and Streptoco«us). Ex
tracellular pieces of DNA molecules can only penetrate 
the cell wall and cell membrane of certain bacteria. The 
ability to absorb naked DNA into the cell is referred to as 
amt.ptttnce, and bacteria capable of taking up naked DNA 

f 
e 

molecules are said to be ~etent haaeritz. 
Some competent bacterial cells have incorporated 
DNA fragments from certain animal viruses 

(e.g., cowpox), retaining the latent virus genes 
for long periods. This knowledge may have 
some importance in the study of viruses that 
remain latent in humans for many years before 
they finally cause disease, as may be the case in 
Parkinson disease. These human virus genes 
may hide in the bacteria of the indigenous mi-

@ Entry of naked DNA Into 
compettnt ctll. 

crobiota until they are released to cause disease. 
@ Recombination. 

On a or mora DNA flag manta lntagrata Into 
the host cell chromoaome. The resultant 
NCOmblnant celtis said to have been 
genetically tranafonned.lt can now 
expreu 1he foreign genee It hu racalved 
and pua them on to Ita progeny. 
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ConJugation 
The transfer of genetic material by 

DNA that hu not 
recombined a. 
broun down by 
•nzyrnee. 

the process known 
as conjugation 
was discovered by 
Joshua Lederberg 
and Edward Tatum 
in 1946, while 

Figure 7-12. 'lhlnafonnation. (An animated version of this figure can be found on PDht.) 

experimenting 
with E. coli. Con

experiments, performed by Oswald Avery and his colleagues, 
proved that DNA is indeed the genetic material (see the 
Historical Note on the previous page).ln those experiments, 
a DNA extract from encapsulated, pathogenic Stnptococcur 

pneumoniae bacteria (referred 
r- ln transfonnatlon, -..1 to asS. Jme'U'IIMiiae type 1) was 

a bacterial cell be- added to a broth culture of non-
comes genetically encapsulated, nonpathogenic 
transfonned follow- S. pnetmumiae (referred to as S. 
ing uptake of DNA pneumuniae type 2). Thus, at the 
fragments ("naked beginning of the experiment, there 
DNA") from the were no live encapsulated bacteria 

~environment. ) in the culture. After incubation, 
-------· however, live type 1 (encapsulated) 

bacteria were recovered from the culture. How was that 
possible? The only possible explanation was that some 
of the live type 2 bacteria must have taken up (absorbed) 
some of the type 1 DNA from the broth. Type 2 bacteria 
that absorbed pieces of type 1 DNA containing the gene(s) 
for capsule production were now able to produce 
capsules. In other words, type 2 (nonencapsulated) bacteria 

jugation involves 
a specialized type 
of pilus called a 

sex pilus (sometimes referred to as an F pilus or a conju-
gation bridge). A bacterial cell r -~ 
(called the donor cell or F+ cell) In conjugation, 
possessing a sex pilus attaches to genetic material, 
another bacterial cell (called the usually in the fonn 
recipient cell or F- cell) by means of a plasmid, is 
of the sex pilus (Fig. 7 -13). Pilus transferred through 
retraction then brings the two 8 conjugative pore 

from a donor cell to 
cells into tight contact. Within a recipient cell. 
the donor cell, an enzyme called ' ) 
relanse nicks the double-stranded 
F plasmid DNA and guides one of the strands to a coupling 
protein (the DNA pump). The single-stranded DNA is 
then transferred from the donor cell to the recipient cell 
through a conjugative pore, which forms at the juncture 
of the two bacterial cells (Fig. 7-14).a 

'For many years, it was assumed that the sex pilus was hollow, and 
the donor ceU DNA was transfetted to the recipient ceU thruugb 
the sex pilus. Recent evidence indicates that this is not the case. 
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Figure 7-13. Conjugation In£ coiL The donor cell (the cell 
on the left, p0888881ng numerous short fimbriae) Is connected 
to the recipient cell by a sex pilus (atrow). Conbaction of the 
sex pilus will draw the recipient cell closer to the donor cell. 
(From Volk WA, et al. Essentials of Medical Microbiology. 5th 
ed. Philadelphia, PA: Uppincott-Raven; 1998.) 

Although conjugation has nothing to do with reproduction, 
the process is sometimes referred to as "bacterial mating," 
and the terms "male" and "female" cells are sometimes used 
in reference to the donor and recipient cells, respectively. 
This type of genetic recombination occurs mostly among 
species of enteric, Gram-negative bacilli, but has been 
reported within species of Psetulomuna.r and Stnptococt:11S 
as well. In electron micrographs, microbiologists have 
observed that sex pili are thicker and longer than fimbriae. 

Although many different genes Dl2Y be transferred by 
conjugation, the ones most frequently noted include those 
coding for antibiotic resistance, colicin (a protein produced 
by E. coli that kills certain other bacteria), and fertility factors 
(P" and Hfr+), where F stands for fertility and Hfr stands 
for high frequency of recombination. Check ' ' Po:int for 
"A Closer Look at Fertility Factors." 

If a plasmid contains multiple genes for antibiotic 
resistance, the plasmid is referred to as a resistance fac
tor or R-foaor. A recipient cell that receives an R-factor 
becomes a multiply drug-resistant organism (referred to 
by the press as a "superbug"). Superbugs are discussed in 
detail in Chapter 9. 

Transduction, transformation, and conjugation are 
excellent tools for mapping bacterial chromosomes and for 

A plasmid that 
contains multiple 
genes for antibiotic 
resistance is called 
a resistance factor 
or A-factor. 

J 

studying bacterial and viral genetics. 
Although all these methods are 
frequently used in the laboratory, 
it is believed that they also occur 
in natural environments under 
certain circumstances. 

GENETIC ENGINEERING 

An array of techniques has been developed to transfer 
eukaryotic genes, particularly human genes, into other 
easily cultured cells to facilitate the large-scale production 

Relaxase--..._ 1• Orlgln of transfer 
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;._ ___ ' 

Donor Recipient 

G) Relax88e creates a nick In 
one plaamk:l atrand and 
lnlllalu tranafer of 1he 
llb'and IInaugh lha pore . 
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cella .,_,nthealze 1he 
complementary llb'anda. 
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Figure 7-14. ConJugation (aee text for delalla). Nate that 
the donor cell does not lose its plasmid in the process. (Re
drawn with permission from Sinauer Associates, Inc. An ani-

mated version of this figure can be found on P\l•'Tt.) 

of important gene products (proteins, in most cases). This 
process is known as genetic engineering or recombinant DNA 
technology (see the following Study Aid). Plasmids are 
frequendy used as vectors or vehicles for inserting genes 
into cells. Bacteria, yeasts, human leukocytes, macrophages, 
and fibroblasts have been used as genetically engineered 



STUDY AID 
Beware of Similar 
Sounding Terms 

The terms transcription, 
translation, transduction, 
and transformation all sound similar, but each refers 
to a different phenomenon. Transcription and trans
lation (both of which were discussed In Chapter 6) 
relate to the Central Dogma-the flow of genetic 
Information within a cell. Transduction and transform
ation are ways In which bacteria acquire new genetic 
Information (I.e., ways In which bacteria acquire new 
genes). 

"manufacturing plants" for proteins, such as human growth 
hormone (somatotropin), somatostatin (which inhibits the 
release of somatotropin), plasminogen-activating factor, 
insulin, and interferon. For example, the human gene that 
codes for insulin was inserted into E. coli cells, so that those 
cells and all of their progeny were able to produce human 
insulin. Somatostatin and insulin were first produced by 
recombinant DNA technology in 1978. 

May industrial and medical benefits may be derived 
from genetic engineering research. In agriculture, there is 
a potential for incorporating nitrogen-fixing capabilities 
into additional soil microorganisms; to make plants that 
are resistant to insects, as well as to bacterial and fungal 
diseases; and to increase the size and nutritional value of 
foods. 

Genetically engineered microorganisms can also be 
used to clean up the environment (e.g., to get rid of toxic 
wastes). Consider this hypothetical example. A soil bacterium 
contains a gene that enables the organism to break oil down 
into harmless by-products, but because the organism cannot 
survive in salt water, it cannot be used to clean up oil spills 
at sea. Remove the gene from the soil bacterium, and using 
a plasmid vector, insert it into a marine bacterium. Now 
the marine bacterium has the ability to break down oil and, 
in large numbers, can be used to clean up oil spills at sea. 

In medicine, there is potential for making engineered 
antibodies, antibiotics, and drugs; for synthesizing important 
entymes and hormones for treattnent of inherited diseases; 
and for making vaccines. Such vaccines would contain only 
part of the pathogen (e.g., the capsid proteins of a virus) 
to which the person would form protective antibodies (see 
"Genetically Engineered Bacteria and Yeasts" on Po r.t). 

GENE THERAPY 

Gem therapy of human diseases involves the insertion of a 
normal gene into cells tn correct a specific genetic or acquired 
disorder that is being caused by a defective gene. The first 

Chap1er 7 • Microbial Physiology and Genetics 125 

gene therapy trials were conducted in the United States in 
1990. Vual delivery is currently the most common method 
for inserting genes into cells, in which specific viruses are 
selected to target the DNA of specific cells. For ezample, 
a virus capable of infecting liver cells would be used to 
insert a therapeutic gene or genes into the DNA of liver 
cells. VIruses currently being used or considered for use as 
vectors include adenoviruses, retroviruses, adena-associated 
virus, and herpes viruses. 

Certain genera of bacteria, including Shigella, Sfllnur 
nella, Listeria, and others capable of entering mammalian 
cells, are also being studied as possible vectors for use in 
gene therapy, cancer treattnent, and vaccination. When 
these bacteria enter host cells (a process known as bactn
fection), they lyse and release the.ir plasm.ids into the host 
cell cytoplasm. Plasmid genes can then enter the host cell 
nucleus and be expressed. 

Since 1990, there have been hundreds of human gene 
therapy trials for many diseases. Nearly all have failed 
because of the difficulties of inserting a working gene 
into cells without causing hannful side effects. Neverthe
less, scientists remain hopeful that genes will someday be 
regularly prescribed as" drugs" in the treatment of certain 
diseases (e.g., autoimmune diseases, sickle cell anemia, 
cancer, certain liver and lung diseases, cystic fibrosis, 
heart disease, hemoglobin defects, hemophilia, muscular 
dystrophy, and various immune deficiencies). In the future, 
synthetic vectors, rather than viruses or bacteria, may be 
used to insert genes into cells. 

STUDY AID 
Recombinant DNA 
Technology versus Genetic 
Engineering 

Although these terms are frequently 
used interchangeably, there is a difference between 
them. Recombinant DNA (rDNA) technology can 
be thought of as the process by which rDNA is pro
duced. This involves inserting a molecule or portion 
of a molecule of DNA into a different molecule or 
portion of a different molecule of DNA. The two mol
ecules combine to form a single molecule, and the 
product is referred to as rONA. Genetic engineer
ing can be thought of as the process by which rONA 
is used to modify an organism's genome-often to 
enable that organism to produce a particular gene 
product that it was previously unable to produce 
or to accomplish a task that it was previously un
able to accomplish. Both processes-production 
of rONA and genetic engineering-are illustrated in 
Figure 7-15. 
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Figure 7·15. RecomDrnam DNA 111cnn01ogy and genetic 
englneertng. Plasmlds are the most widely used vectors, but 
bacteriophages, artificial bacterial and yeast chromosomes, 
and disabled retroviruses have also been used. 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 

• Why Anaerobes Die in the Presence of Oxygen 
• A Closer Look at Transduction 
• A Closer Look at Fertility Factors 
• Genetically Engineered Bacteria and Yeasts 

• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following characteristics do animals, 
fungi, and protozoa have in common? 
a. They obtain their carbon from carbon dioxide 
b. They obtain their carbon from inorganic 

compounds 
c. They obtain their energy and carbon atoms 

from chemicals 
d. They obtain their energy from light 

2. Most AlP molecules are produced during which 
phase of aerobic respiration? 
a. electron transport chain 
b. fermentation 
c. glycolysis 
d. Krebs cycle 

3. Which of the following processes does not Involve 
bacteriophages? 
a. lysogenic conversion 
b. lytic cycle 
c. transduction 
d. transformation 

4. In transduction, bacteria acquire new genetic 
information in the form of: 
a. bacterial genes 
b. naked DNA 
c. A-factors 
d. viral genes 

5. The process whereby naked DNA is absorbed into 
a bacterial cell is known as: 
a. transcription 
b. transduction 
c. transformation 
d. translation 

6. In lysogenic conversion, bacteria acquire new 
genetic information in the form of: 
a. bacterialgenes 
b. naked DNA 
c. R-factors 
d. viral genes 

7. Saprophytic fungi are able to digest organic 
molecules outside the organism by means of: 
a. apoenzymes 
b. coenzymes 
c. endoenzymes 
d. exoenzymes 



a. The process by which a nontoxigenic 
C. dlphthetlae cells changed Into a toxigenic cell 
Is called: 
a. conjugation 
b. lysogenic conversion 
c. transduction 
d. transformation 

9. Which of the following doee (do) not occur in 
anaerobes? 
a anaboic reactions 
b. catabolic nNICtions 
c. electron transport chain 
d. fermentation reactions 

Chapter 7 • Microbial Physiology and Genetics 127 

10. Proteins that must link up with a cofactor to 
function as an enzyme are called: 
a. apoenzymes 
b. coenzymes 
c. endoenzymes 
d. holoenzymes 
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LEARNING OBJECTIVES 

After studying this chapter, you should be able to: 

• List several factors that affect the growth of 
microorganisms 

• Describe the following types of microorganisms: 
psychrophilic, mesophilic, thermophilic, halophilic, 
haloduric, alkaliphilic, acidophilic, and piezophilic 

• List three In vnro sites where microbial growth Is 
encouraged 

• Differentiate among enriched, selective, and 
differential media, and cite two examples of each 

• Explain the importance of using ~aseptic technique" in 
the microbiology laboratory 

• Describe the three types of incubators that are used in 
the microbiology laboratory 

• Draw a bacterial growth curve and label its four 
phases 

• Cite two reasons why bacteria die during the death 
phase 

INTRODUCTION 

In certain locations, such as within microbiology laborato
ries, the growth• of microbes is encouraged; in other words, 
scientists 7Dimtthem to grow. In other locations-such as on 
hospital wards, in intensive care units, in operating rooms, 
in kitchens, bathrooms, and restaurants-it is necessary or 
desirable to inhihit the growth of microbes. Both concepts, 
encouraging and inhibiting the in vitro growth of microbes, 
are discussed in this chapter. (Recall from Chapter 1 tha.t, as 
used in this book, in vitro refers to events that occur outside 
the body, whereas in vivo refers to events that occur inside 
the body.) Before discussing these concepts, however, various 
factors that affect the growth of microbes are enmined. 

PART 1: FACTORS THAT AFFECT 
MICROBIAL GROWTH 

Microbial growth is affected by many different environ
mental factors, including the availability of nutrients and 
moisture, temperature, pH, osmotic pressure, barometric 
pressure, and composition of the atmosphere. These envi
ronmental factors affect microorganisms in our daily lives 
and play important roles in the control of microorganisms 
in laboratory, industrial, and hospital settings. Whether 
scientists wish to encourage or inhibit the growth of mi
croorganisms, they must first understand the fundamental 
needs of microbes. 

"The word "growth" is used in this chapter to mean proliferation 
or multiplication. 

• Name three ways in which obligate intracellular 
pathogens can be cultured in the laboratory 

• Ust three in vitro sites where microbial growth must be 
inhibited 

• Differentiate among sterilization, disinfection, and 
sanldzadon 

• Differentiate between bactericidal and bacteriostatic 
agents 

• Explain the processes of pasteurization and 
lyophilization 

• Ust several physical methods used to inhibit the 
growth of microorganisms 

• Cite three wat5 in which disinfectants kill miaoorganisms 
• Identify several factors that can influence the 

effectiveness of disinfectants 
• Explain briefly why the use of antibiotics in animal feed 

and household products Is controversial 

Availability of Nutrients 
As discussed in Chapter 7, all living organisms require 
nutrients-the various chemical compounds that organisms 
use to sustain life. Therefore, to survive in a particular en
vironment, appropriate nutrients must be available. Many 
nutrients are energy sources; organisms will obtain energy 
from these chemicals by breaking chemical bonds. Nu
trients also serve as sources of carbon, oxygen, hydrogen, 
nitrogen, phosphorus, and sulfur as well as other elements 
(e.g., sodium, potassium, chlorine, magnesium, calcium, 
and trace elements such as iron, iodine, and zinc) that are 
usually required in lesser amounts. About two dozen of 
the approximately 92 naturally occurring elements are 
essential to life. b 

Moisture 
On Earth, water is essential for life, as we know it. Cells 
consist of anywhere between 70% and 95% water. All living 
organisms require water to carry out their normal metabolic 
processes, and most will die in environments containing 
too little moisture. There are certain microbial stages (e.g., 
bacterial endospores and protozoan ,.- -... 
cyst3), however, that can survive Water is essential for ' 
the complete drying process (des- life, as we know it. 
iccation). The organisms contained Cells are composed 
within the spores and cysts are in of 70% to 9S% 

water. 
a dormant or resting state; if they " ..' 

bScicntists continue to debate the actual number of naturally 
occurring clements, but most would agree that the number lies 
between 88 and 94. 



are placed in a moist, nutrient-rich environment, they will 
grow and reproduce normally. 

Temperablre 
Every microorganism has an optimum growth temperature
the temperature at which the organism grows best. Every 
microorganism also has a minimum growth temperature, 
below which it ceases to grow, and a maximum growth 
temperature, above which it dies. The temperature range 
(i.e., the range of temperatures from the minimum~ 
temperature to the maximum growth temperature). at which 
an organism grows can differ greatly from one nucrobe to 
another. To a large extent, the temperature and pH ranges 
over which an organism grows best are determined by 
the enzymes present within the organism. As discussed 
in Chapter 7, enzymes have optimum temperature and 
pH ranges at which they operate at peak efficiency. If an 
organism's enzymes are operating at .Peak efficien~, ~e 

organism will be metabolizmg 
~ and growing at its maximum rate. 
~very mlcroorg.an- J Table 8-1 contains infurmation 
1sm .h~ an opt1mal, regarding temperatures at which 
a m1n1mum, and a . · live in bodies 
maximum growth vanous orgamsms . nal 
temperature. of water at Yellowstone Natlo 

- Park:. 
Microorganisms that grow best at high temperatures 

are called thermophiles (i.e., organisms that love heat). 
Thermophiles can be fuund in hot springs, compost pits, 
and silage as well as in and near hydrothermal vents at the 
bottom of the ocean (check: ht:Point for "A Closer Look at 
Hydrothermal Vents"). Thermophilic cyanobacteria, certain 
other types of bacteria, and algae cause many of the colors 
observed in the near-boiling hot springs found in Yellomtnne 
National Park (Fig. 8-1). Organisms that favor tempera
tures above 100°C are referred to as hyperthermophiles 

(or extreme thermophiles). The 

[ 

highest temperature at which a 
Thennophiles are or- bacterium has been found living is 
ganisms that "love• around 113 oc; it was an archaean 
high temperatures. ..J named Pyrolobus .fi,mlllrii. 

Temperature 

163°F (73°C) or lower 
144°F (62°C) or lower 
140°F (60°C) or lower 
133°F (56°C) or lower 
122°F (50°C) or lower 
80°F (27°C) or lower 

Organisms 

Cyanobacteria 
Fungi 
Algae 
Protozoa 
Mosses, crustaceans, insects 
Fish 

~-----------------------------~ 
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Figure 8-1. Colorful thennophiles living in a geothermal 
feature at Yellowstone National Park, WY. (Provided by 
Biomed Ed, Round Rock, TX.) 

Microbes that grow best at moderate temperatures are 
called mesophiles. This group includes most of the species 
that grow on plants and animals and in warm soil and water. 
Most pathogens and members of the indigenous micro bi
ota are mesophilic because they grow best at normal body 
temperature (37oC). 

Psychrophiles prefer cold temperatures. They thrive in 
cold ocean water. At high altitudes, algae (often pink) can 
be seen living on snow. Biologists studying microbial life in 
the Antarctic have reported finding bacteria in a lake that 
has been iced over for atleast 2,000 years. c These microbes 
thrive in an environment that is -13°C, has 20% salinity, 
and contains high concentrations of ammonia and sulfur. 

Ironically, the optimum growth temperature of one 
group of psychrophiles (called psychrotrophs) is refrigerator 
temperature (4°C); perhaps you encountered some of these 
microbes (e.g., bread moulds) the r -.., 
last time you cleaned out your Psychrophiles are 
refrigerator. Microorganisms that organisms that "love~ 
prefer wanner temperatures, but .._ cold temperatures. 
can tolerate or endure very cold 
temperatures and can be preserved in the frozen state, are 
known as psychroduric organisms. Refer to Table 8-2 for 
the temperature ranges of psychrophilic, mesophilic, and 
thermophilic bacteria. 

pH 
The term "pH" refers to the hydrogen ion concentration of 
a solution and thus the acidity or alkalinity of the solution 
(see Appendix 3 on .. I'Qht: "Basic Chemis~ Concep~j. 
Most microorganisms prefer a neutral or slightly alk:aline 
growth medium (pH 7.0-7 .4), but m:idopbilicmicrobes (aci
dophiles), such as those that can live in the human s~mach 
and in piclded foods, prefer a pH of 2 to 5. Fungt prefer 
acidic environments. Acidophiles thrive in highly acidic 
environments, such as those created by the production of 

"www.pnas.org/cgildoi/1 0.1 073/pnas.1208607109 
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Categories of Bacteria Based on Growth Temperature 

Minimum Growth 
Category Temperature rc) 

Thermophiles 25 
Mesophlles 10 
Psychrophlles -5 

sulfurous gases in hydrothermal vents and hot springs as 
well as in the debris produced from coal mining. Alkaliphiles 
prefer an alkaline environment (pH > 8.5), such as that 

Acidophiles prefer 
acidic environments, 
whereas alkaliphiles 
prefer alkaline 
environments. 

found inside the intestine (pH 
-9), in soils laden with carbonate, 
and in the so-called soda lakes. 
Vt.brW choJeme----the bacterium 
that causes cholera-is the only 
hutn2D pathogen that grows well 

_,; above pH 8. 

Osmotic Pressure and Salinity 
Osmotic pressure is the pressure exerted on a cell mem
brane by solutions both inside and outside the cell. When 
cells are suspended in a solution, the ideal situation is that 
the pressure inside the cell is equal to the pressure of the 
solution outside the cell. Substances dissolved in liquids 
are referred to as solutes. When the concentration of 
solutes in the environment outside a cell is greater than 
the concentration of solutes inside the cell, the solution 
in which the cell is suspended is said to be hypertonic. In 
such a situation, whenever possible, water leaves the cell by 
osmosis in an attempt to equalize the two concentrations. 
Osmosis is defined as the movement of a solvent (e.g., water), 
through a permeable membrane, from a solution having a 
lower concentration of solute to a solution having a higher 
concentration of solute. H the cell is a human cell, such as a 
red blood cell (erythrocyte), the loss of water causes the cell 
to shrink; this shrinkage is called crenation, and the cell is 
said to be crenated (Fig. 8-2). H the cell is a bacterial cell, 
having a rigid cell wall, the cell does not shrink. Instead, 
the cell membrane and cytoplasm shrink: away from the 
cell wall. This condition, known as plasmolysis, inhibit3 
bacterial cell growth and multiplication. Salts and sugars 
..- -...... are added to certain foods as a 

l
Cel~s lose water and J way of preserving them. Bacte-
~hnnk when p~ced ria that enter such hypertonic 
1nto a hypertomc . will di ul 

I t. envttonments e as a res t 
SOUIOn. fl f dd • • o ass o water an es1ccat1on. 

When the concentration of solutes outside a cell is less 
than the concentration of solutes inside the cell, the solution 
in which the cell is suspended is said to be hypotonic. In 
such a situation, whenever possible, water enters the cell in 
an attempt to equalize the two concentrations. Hthe cell is 
a human cell, such as an erythrocyte, the increased water 

Optimum Growth Maximum Growth 
Temperature rc) Temperature rc) 

5D-60 113 
2D-40 45 
1()-20 30 

within the cell causes the cell to swell. If sufficient water 

enters, the cell will burst Qyse).ln the case of erythrocytes, 
this bursting is called hemolysis. H a bacterial cell is placed 
in a hypotonic solution (such as disti.lled water), the cell 
may not burst (because of the rigid cell wall), but the fluid 
pressure within the cell increases gready. This increased 
pressure occurs in cells having rigid 
cell walls, such as plant cells and r Cells swell up, and """, 
bacteria. H the pressure becomes sometimes burst, 
so great that the cell ruptures, the when placed into a 
escape of cytoplasm from the cell hypotonic solution. , 
is referred to as plasmoptysis. "--..:..:... -' 

'When the concentration of solutes out3ide a cell equals 
the concentration of solutes inside the cell, the solution 
is said to be isotonic. In an isotonic environment, excess 
water neither leaves nor enters the cell, and thus, no 
plasmolysis or plasmoptysis occurs; the cell has normal 
turgor (fullness). Refer to Figure 8-3 for a comparison of 
the effects of various solution concentrations on bacterial 
cells and red blood cells. 

Sugar solutions for jellies and pickling brines (salt 
solutions) for meats preserve these foods by inhibiting the 

Figure 8-2. Stained peripheral blood ...,_.lhowlng 
numerous ~nated red blood cella, which are also known 
aa acanthocytaa. The crenated red blood cells have developed 
a number of cell wall projections, thus giving the cells a spiked 
or "thorny~ appearance. Acanthocytosls-the formation of 
acanthocytes-can be indicative of a number of hematologic 
disease processes. The larger purple-stained cell in the center of 
the photomicrograph is a white blood cell. (Provided by Zamel, 
R. Khan, RL Pollex, RA Hegele, and Wikimedia Commons.) 
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Figure 8·3. Effects of changes in osmotic pressure. 
No change in pressure occurs within the cell in an isotonic 
solution. Internal pressure is incraased in a hypotonic 
solution, resulting in swelling of the cell. Internal pressure 
is decreased in a hypertonic solution, resulting in shrinking 
of the cell. (Arrows indicate the direction of water flow. 
The larger the arrow, the greater the amount of water 
flowing in that diraction.) 

growth of most microorganisms. However, some types of 
moulds and bacteria can survive and even grow in a salty 
environment. 

Those microbes that actually prefer salty environments 
(such as the concentrated salt water found in the Great Salt 
Lake and solar salt evaporation ponds) are called halophilic 
organisms; halo referring to "salt" and pbi/K meaning "to 
love." Microbes that live in the ocean, such as V. cholerrle 
(mentioned earlier) and other VIbrio species, are halophilic. 
Organisms that do not prefer to live in salty environments 
but are capable of surviving there (such as Staphylocomls 
aurew) are referred to as haloduric organisms. 

Barometric Pressure 

Most bacteria are not affected by minor changes in baromet
ric pressure. Some thrive at normal atmospheric pressure 
,..--------. .., (about 14.7 psi). Others, known 

Microorganisms that as piezophiles, thrive deep in the 
prefer salty envi- ocean and in oil wells, where the 
ronments are called 
halophiles. atmospheric pressure is very high. 

... _______ ., Some archaea, for example, are 
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piezophiles, capable of living in the deepest parts of the 
ocean (check PQint for "A Closer Look at Barometric 
Pressure"). 

Gaseous Atmosphere 
As discussed in Chapter 4, microorg-anisms vary with respect 
to the type of gaseous atmosphere that they require. For 
example, some microbes (obligate aerobes) prefer the same 
atmosphere that humans do (i.e., about 20%-21% oxygen 
and 78%-79% nitrogen, with all other atmospheric gases 
combined representing < 1% ). Although microaerophiles 
also require oxygen, they require reduced concentrations 
of oxygen (around 5%). Obligate anaerobes are killed by 
the presence of oxygen. Thus, in nature, the types and 
concentrations of gases present in a particular environment 
determine which species of microbes are able to live there. 
To grow a particular microorganism in the laboratory, it is 
necessary to provide the atmosphere that it requires. For 
example, to obtain maximum growth in the laboratory, 
capnophiles require increased concentrations of carbon 
dioxide (usually from 5% to 10%). 

STUDY AID 
-Phile 

The suffiX -phile means to love 
something. For example, acidophiles 
are organisms that love acidic 
conditions: therefore, they live in 
acidic environments. All<allphlles live In alkaline 
environments. Halophiles live in salty environments. 
Piezophiles (formerly called barophiles) live in envi
ronments where there is high barometric pressure, 
such as at the bottom of the ocean. Thermophiles 
prefer hot temperatures. Mesophiles prefer moderate 
temperatures. Psychrophiles prefer cold tempera
tures. Microaerophiles live in environments containing 
reduced concentrations of oxygen (around 5% 
oxygen). Capnophiles grow best in environments rich 
in carbon dioxide. 

PART 2: ENCOURAGING THE GROWTH OF 
MICROBES IN VITRO 

There are many reasons why the growth of microbes is 
encouraged in microbiology laboratories. For example, 
technologists and technicians who work in clinical microbi
ology laboratories must be able to isolate microorganisms 
from clinical specimens and grow them on culture media 
so that they can then gather information that will enable 
identification of any pathogens that are present. In mi
crobiology research laboratories, scientists must culture 
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microbes so that they can learn more about them, harvest 
antibiotics and other microbial products, test new antimi
crobial agents, and produce vaccines. Microbes must also 
be cultured in genetic engineering laboratories and in the 
laboratories of certain food and beverage companies, as 
well as other industries. 

Many different types of microbes can be cultured (grown) 
in vitro, including viruses, bacteria, fungi, and protozoa. 
In this chapter, emphasis is placed on culturing bacteria. 
Culturing other types of microbes is mentioned only briefly. 

Culblrlng Bacteria In tha Laboratory 

In many ways, modem microbiology laboratories resemble 
those of 50, 100, or even 150 years ago. Today's laboratories 
still use many of the same basic tools that were used in 
the past. For example, microbiologists still use compound 
light microscopes, Petri dishes containing solid culture 
media, tubes containing liquid culture media, wire or 
plastic inoculating loops, bottles of staining reagents, and 
incubators. However, a closer inspection will reveal many 
modem, commercially available products and instruments 
that would have been inconceivable in the days of Louis 
Pasteur and Robert Koch. 

Bactarlal Growth 
With respect to humans, the term gruwth refers to an 
increase in size, for example, going from a tiny newborn 
baby to a large adult. Although bacteria do increase in size 
before cell division, bf~Ct#iat grmoth refers to an increase in 
the number of organisms rather than an increase in their 
size. Thus, with respect to bacteria, gruwth refers to their 
proliferation or multiplication. When each bacterial cell 
reaches its optimum size, it divides by binary fission (hi 
meaning "twoj into two daughter cells (i.e., each bacterium 
simply splits in half to become two identical cells). (Recall 

•• 
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Figure 8-4. Bacterial colonies on the surface of a solid 
cultura medium. These are colonies af Klebsiella pneumoniae, 
a fairly common cause of pneumonia and urinary tract 
infections. The appearance (morphology) af bacterial colonies 
varies from species to species. (Provided by the CDC.) 

HISTORICAL 
NOTE 
Culturing Bacteria In the 
Laboratory 

The earliest successful at
tempts to culture microorgan

isms in a laboratory setting 
were made by Ferdinand 
Cohn (1872), Joseph Schro
eter (1 875), and Oscar 

Brefeld (1875). Robert Koch 
described his culture techniques in 1881. Initially, 
Koch used slices of boiled potatoes on which to cul
ture bacteria, but he later developed both liquid and 
solid forms of artificial media. Gelatin was initially 
used as a solidifying agent In Koch'S culture media, 
but in 1882, Fanny Hesse, the wife of Dr. Walther 
Hesse-one of Koch's assistants-suggested the use 
of agar. Frau Hesse (as she is most commonly called) 
had been using agar in her kitchen for many years as 
a solidifying agent in fruit and vegetable jellies. An
other Koch's assistant, Richard Julius Petri, invented 
glass Petri dishes in 1887 for use as containers for 
solid culture media and bacterial cultures. The Petri 
dishes in use today are virtually unchanged from the 
original design, except that most of today's laborato
ries use plastic, presterilized, disposable Petri dishes. 
In 1 878, Joseph Uster became the first person to 
obtain a pure culture of a bacterium (Streptococcus 
lactis) in a liquid medium. As a result of their ability 
to obtain pure bacterial cultures in their laboratories, 
Louis Pasteur and Robert Koch made significant con
tributions to the germ theory of disease. 

from Chapter 3 that DNA replication must occur before 
binary fission occurs, so that each daughter cell has exactly 
the same genetic makeup as the parent cell.) On solid me
dium, binary fission continues through many generations 
until a colony is produced. A bacterial colony is a mound 
or pile of bacteria containing millions of cells (Fig. 8-4). 
Binary fission continues for as -.. 
long as the nutrient supply, water, Throughout this 
and space allow and ends when book, the term bac-
the nutrients are depleted or the terial growth refers 
concentration of cellular waste to ttle proliferation 

or multiplication of 
products reaches a toxic level. The bacteria. 
division of staphylococci by binary .._ .) 
fission was shown in Figure 2-12. 

The time taken for one cell to become two cells by binary 
fusion is called the generation time. The generation time 



Bacterta mumply 
by binary fission. 
The time taken by 
a particular bacte
rial species to un
dergo binary fission 
is called the gen
eration time of that 

-.., varies from one bacterial species 
to another. In the laboratory, 
under ideal growth conditions, 
Escherichia coli, V. choleme, Stllph
ylot:occus spp., and Streptococcus 
spp. all have a generation time of 
about 20 minutes, whereas some 
PstuJmnonas and Clostridium spp. 

organism. ) may divide every 10 minutes, and 
~-------· Mycdlleterium~may divide 
only every 18 to 24 hours. Bacteria with short generation 
times are referred to as rapid growers, whereas those with 
long generation times as slow growers. 

The growth of microorganisms in the body, in nature, or 
in the laboratory is greatly influenced by tempentture, pH, 
moisture content, available nutrients, and the characteristics 
of other organisms present. Therefore, the number of bac
teria in nature fluctuates unpredictably because these &.ctors 
vary with the seasons, rainfiill, tempentture, and time of day. 

In the laboratory, however, a pure culture of a single 
species of bacteria can usually be maintained if the appro
priate growth medium and environmental conditions are 
provided. The temperature, pH, and proper atmosphere are 
quite easily controlled to provide the optimum conditions 
for growth. Appropriate nutrients must be provided in the 
growth medium, including an appropriate energy and carbon 
source. Some bacteria, described as being fostidiMIS, have 
complex nutritional requirements. Often, special m.inures 
of vitamins and amino acids must be added to the medium 
to culture these fastidious organisms. Some organisms 
will not grow at all on artificial culture media, including 
obligate intracellular pathogens, such as viruses, rickett
sias, and chlamydias. To propagate obligate intracellular 
pathogens in the laboratory, they must be inoculated into 
live animals, embryonated chicken eggs, or cell cultures. 

r- -... 

l
iMicroorganisms that 
are difficult to grow 
in the laboratory are 
said to be fastidious. 

J 

CUitura Madia 

Other microorganisms that will 
not grow on artificial media 
include Treponema pallidum (the 
bacterium that causes syphilis) 
and Mycobacterium leprae (the 
bacterium that causes leprosy). 

The media (sing., medium) that are used in microbiology 
laboratories to culture bacteria are referred to as artificial 
media or synthetic media because they do not occur nat
urally; rather, they are prepared in the laboratory. There 
are a number of ways of categorizing the media that are 
used to culture bacteria. 

One way to classify culture media is based on whether 
the exact contents of the media are known. A chemically 
defined medium is one in which all the ingredients are 
known; this is because the medium was prepared in the 
laboratory by adding a certain number of grams of each of 
the components (e.g., carbohydrates, amino acids, and salts). 
A complex medium is one in which the exact contents 
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Figura 8-6. Examples of solid and liquid cultura media 
usad ii1 a dinical microbiology laboratory. (Provided by Dr. 
Rebert Fader and Bicmad Ed, Round Rock, lX.) 

are not known. Complex media contain ground-up or di
gested extracts from animal organs (e.g., hearts, livers, and 
brains), fish, yeasts, and plants, which provide the necessary 
nutrients, vitamins, and minerals. 

Culture media can also be categorized as liquid or 
solid (Fig. 8-5). Liquid media (also known as broths) are 
contained in tubes and are thus often referred to as tubed 
media. Solid media are prepared by adding agar to liquid 
media and then pouring the media into tubes or Petri 
dishes, where the media solidifies. Bacteria are then grown 
on the surface of the agar-containing solid media. Agar is a 
complex polysaccharide that is obtained from a red marine 
alga; it is used as a solidifying agent, much like gelatin is 
used as a solidifying agent in the kitchen. 

An enriched medium is a broth or solid medium 
containing a rich supply of special nutrients that promotes 
the growth of fastidious organisms. It is usually prepared 
by adding extra nutrients to a medium called nutrient 
agar. Blood agar (nutrient agar plus 5% sheep red blood 
cells) and chocolate agar (nutrient agar plus powdered 
hemoglobin) are examples of solid enriched media that 
are used routinely in the clinical bacteriology laboratory. 
Blood agar is bright red, whereas chocolate agar is brown 
(the color of chocolate). Although both of these media 
contain hemoglobin, chocolate agar is considered to be 
more enriched than blood agar because the hemoglobin 
is more readily accessible in 
chocolate agar. Chocolate agar 
is used to culture important, 
fastidious, bacterial pathogens, 
such as Neisseria gtmmThoeae and 
liJumopbilus irifluenz~~~~, which will 
not grow on blood agar. 

r·-------·~, 

Blood agar and 
chocolate agar 
are examples of 
anrtchad media . .... _______ ) 

A selective medium has added inhibitors that discourage 
the growth of certain organisms without inhibiting the growth 
of the organism being sought. For enmple, MacConkey 
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agar inhibits the growth of Gram-positive bacteria and 
thus is selective for Gram-negative bacteria. Phenylethyl 
alcohol (PEA) agar and colistin-nalidixic acid (CNA) agar 
inhibit the growth of Gram-negative bacteria and are 

thus selective for Gram-positive 
A selective medium - bacteria. Thayer-Martin agar and 
is used to disoour- Martin-Lewis agar (chocolate 
age the growth of agars containing extra nutrients 
certain organisms plus several antimicrobial agents) 
without inhibiting the are selective for N. ~oetH. 
growth of the organ- Only salt-tolerant (h.aloduric) 
ism being sought. bacteria can grow on mannitol 

~------; salt agar (MSA). 
A differential medium permits the differentiation of 

organisms that grow on the medium. For example, Mac
Conkey agar is frequently used to differentiate among 
various Gram-negative bacilli that are isolated from fecal 
specimens. Gram-negative bacteria capable of fermenting 
lactose (an ingredient of MacConkey agar) produce pink 
colonies, whereas those that are unable to ferment lactose 
produce colorless colonies (Fig. 8-6). Thus, MacCo.nkey 
agar differentiates between lactose-fermenting and nonlac
tose-fennenting Gram-negative bacteria. MSA is used to 
screen for S. II'UrtUS; S. aU'f'e'lll not only will grow on MSA 
but also turns the originally pink. medium to yellow because 

A differential meet-
ium allows one to 
readily differentiate 
among 1he various 
types of organisms 
that are growing on 
the medium. 

of its ability to ferment mannitol 
(Fig. 8-7). In a sense, blood agar 
is also a differential medium 
because it is used to determine 
the type of hemolysis (alteration 
or destruction of red blood cells) 
that the bacterial isolate produces 
(Fig. 8-8). 

The various categories of media (enriched, selective, 
and differential) are not mutually exclusive. For example, 

Figura 8-8. Bacterial colonies on Mac:Conkey agar; which 
is a selective and differential medium. It is selective for 
Gram-negative bacteria; that is, only Gram-negative bacteria 
will grow on this medium. Colonies of lactose fennenters (pink 
colonies) and nonlactose fermenters (clear colonies) can be seen. 
(From Winn WC Jr, et al. Koneman's Color Atlas and Textbook of 
Diagnostic Microbiology. 8th ed. Philadelphia, PA: Uppincott Wil
liams & Wilkins; 2006.) 

Figure 8· 7. Mannitol salt agar, a selective and dtnerenUal 
medium, Ia UHd to screen for StaphylococcwauteUs. 
Any bacteria capable of growing in a 7.5% sodium chloride 
concentration will grow on this medium, butS. aureus will 
turn the medium yellow because of its ability to tennent the 
mannitol in the medium. The organism growing on the upper 
section of the plate is unable to tennent mannitol, but the 
organism growing on the lower section Is a mannitol fennen
ter. (From Koneman E, et al. Color Atlas and Textbook 
of Diagnostic Microbiology. 5th ed. Philadelphia, PA: Uppincott 
Williams & Wilkins; 1997.) 

as just seen, blood agar is enriched and differential. Mac
Conkey agar and MSA are selective and differential. PEA 
and CNA are enriched and selective: they are blood agars 
to which selective inhibitory substances have been added. 
Thayer-Martin and Martin-Lewis agars are highly enriched 
and highly selective. 

Thioglycotlate broth (I'HIO) is a very popular liquid 
medium for use in the bacteriology laboratory. THIO 
supports the growth of all categories of bacteria from 
obligate aerobes to obligate anaerobes. How is this 
possible? Within the tube ofTHIO, there is a concen
tration gradient of dissolved oxygen. The concentration 

Rgure 8-8. Colonies of a-hemolytic Strupfococcus pyo
gene.s an a blood agar a beta-hemolytic plate. The clear 
zones (JJ-hemolysis) surrounding the colonies are caused by 
enzymes (hemolyslns) that lyse the red blood cells In the agar: 
(Note that Information about the Greek alphabet can be found 
in Appendix D.) (From Winn WC Jr, et al. Konaman's Color Attss 
and Textbook of Diagnostic Microbiology. 8th ed. Philadelphia, 
PA: Uppincott Williams & Wilkins; 2006.) 
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l Obligate aerobes will grow where 

there is 20-21% oxygen. 

} 
Microaerophiles will grow where 
there is about 5% oxygen. 

1 Obligate anaerobes will grow J where 1here is 0% oxygen. 

Figure 8-t. Tbioglycollate broth contains a concentra
tion gradient of dissolved oxygen, ranging from 20% to 
21% Oa at the top of the tube to 0% 0 1 at 1he bottom of 
the tube. A particular bacterium will grow only in that part 
of the broth containing the concttntration of oxygen that it 
requires. 

of oxygen decreases with depth. The concentration of 
oxygen in the broth at the top of the tube is about 20% 
to 21%. At the bottom of the tube, there is no oxygen in 
the broth. Organisms will grow only in that part of the 
broth where the oxygen concentration meets their needs 
(Fig. 8-9). For example, microaerophiles will grow where 
there is around 5% oxygen, and obligate anaerobes will 
grow only at the very bottom of the tube where there is 
no oxygen. Facultative anaerobes can grow anywhere in 
the tube. (Recall that facultative anaerobes can live in the 
presence or absence of oxygen.) 

Inoculation of CUlture Media 
In clinical microbiology laboratories, culture media are 
routinely inoculated with clinical specimens (i.e., speci
mens that have been collected from patients suspected of 
having infectious diseases). Inoculation of a liquid medium 
involves adding a portion of the specimen to the medium. 
Inoculation of a solid or plated medium involves the use 
of a sterile inoculating loop to apply a portion of the spec
imen to the surface of the medium; a process commonly 
refetted to as streaking (Fig. 8-10). The proper method of 
inoculating plated media to obtain well-isolated colonies is 
described in Appendix 5 on... PQim "Clinical Microbiology 
Laboratory Procedures." 

Importance of Using 11Aieplic Tecllnique" 
Individuals working in a microbiology laboratory must 
practice what is known as aseptic technique and must 
understand its importance. Aseptic technique is practiced 
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Figura 8·10. Laboratory professional demonstrating the 
proper method of inoculating the surface of an agar plate. 
The plate is held in the palm of one hand. The other hand 
Is used to lightly drag the Inoculating loop over the surface 
of the solid culture medium. The Inoculating loop Is held In 
much the same manner as a small camel-hair paintbrush 
is held by an artist when applying paint to the surface of a 
canvas. (Additional infonnation regarding the proper method 
of "streaking" can be found on tt· Pdnt) (Provided by 
Dr. Robert Fader.) 

to prevent (a) microbiology professionals from becoming 
infected, (b) contamination of the.ir work environment, 
and (c) contamination of clinical specimens, cultures, and 
subcultures. For example, when inoculating plated media, 
it is important to keep the Petri dish lid in place at all 
times, except for the few seconds that it takes to inoculate 
the specimen to the surface of the culture medium. Every 
additional second that the lid is off provides an opportunity 
for airborne organisms (e.g., bacterial and fungal spores) 
to land on the surface of the medium where they will 
then grow. Such unwanted organisms are referred to as 
contaminants, and the plate is said to be amtamintlted. Of 
equal importance is to maintain the sterility of the media 
before inoculation and to avoid touching the agar s\ll'&ce 
with fingertips or other nonsterile ... , 
objects. Inoculating media within Aseptic technique 
a biologic safety cabinet (BSC) Is practiced In 
minimizes the possibility of the microbiology 
contamination and protects the laboratory to 
laboratory worker from becoming prevent infection 
infected with the organism(s) that of individuals and 
he or she is working with. BSCs contamination of the 
are further discussed in Appendix work environment, 
4 on •r ·Po'nt: "Responsibilities clinical specimens, 
of the Clinical Microbiology ·~and cultures. 
Laboratory." 

Incubation 

.) 

After media are inoculated, they must be incubated (i.e., 
they must be placed into a chamber [called an incubator] 
that contains the appropriate atmosphere and moisture 



138 Sac:tlon IV • Controlling the Growth of Microbes 

The three types of 
incubators used in 
the microbiology 
laboratory are C02 
incubators, non-C02 
incubators, and anaer
obic incubators. 

~, level and is set to maintain 
the appropriate temperature). 
This is called incubation. To 
culture most human pathogens, 
the incubator is set at 3 5°C to 
37°C. Three types of incubators 
are used in a clinical microbi
ology laboratory. 

1. A C02 (carbon dioxide) incubator is an incubator to 
which a cylinder of C02 is attached. C02 is periodically 
introduced into the incubator to maintain a C02 con
centration of about 5% to 10%. Such an incubator is 
used to isolate capnophiles ( organis:m.s that grow best in 
atmospheres containing increased C02). It is important 
to keep in mind that a C02 incubator contains oxygen 
(about 15%-20%) in addition to C02• Thus, a C02 

incubator is 1Y1t an anaerobic incubator. 
2. A non-C02 incubator is an incubator containing room 

air; thus, it contains about 20% to 21% oxygen. 
3. An anaerobic incubator is an incubator containing an 

atmosphere devoid of oxygen. 
Once a particular species of bacteria has been isolated 
from a clinical specimen, it can be separated from any 
other organisms that were present in the specimen and 
can be grown as a pure culture. The term pun culture 
rerers to the fact that there is only one bacterial species 
present. The changes in a bacterial population over an 

A pure culture is a 
culture that contains 
only one species of 
organism. 

extended period follow a definite 
predictable pattern that can be 
shown by plotting the population 
growth Clli'Ve on a graph (discussed 
later in this chapter). 

Bautartal Papulallan Counts 
Microbiologists sometimes need to know how many 
bacteria are present in a particular liquid at any given 
time (e.g., to determine the degree of bacterial contam
ination in drinking water, milk., and other foods). The 
microbiologist may determine (a) the total number of 
bacterial cells in the liquid (the total number would 
include both viable and dead cells) or (b) the number of 
viable (living) cells. 

Various types of instruments are available to determine 
the total number of cells (e.g., a spectrophotometer could 
be used). In a spectrophotometer, a beam of light is passed 
through the liquid. When no bacteria are present in the 
liquid, the liquid is clear and a large amount of light passes 
through. As bacteria increase in number, the liquid becomes 
turbid (cloudy) and less light passes through. Turbidity 
increases (i.e., the solution becomes more cloudy) as the 
number of organisms increases; therefore, the amount 
of transmitted light decreases as the bacteria increase in 
number. Formulas are available to equate the amount of 
transmitted light to the concentration of organisms in 
the liquid, which is usually expressed as the number of 
organisms per milliliter of suspension. 

The viable plate count is used to determine the number 
of viable bacteria in a liquid sample, such as millr. water, 
ground food diluted in water, or a broth culture. In this 
procedure, serial dilutions of the sample are prepared and 
then 0.1- or 1-mL aliquots (portions) are inoculated onto 
plates of nutrient agar. After overnight incubation, the 
number of colonies is counted. (Usually, a plate containing 
30-3 00 colonies is used.) To determine the concentration 
of bacteria in the original sample, the number of colonies 
must be multiplied by the dilution factor(s). For enmple, 
i£220 colonies were counted on an agar plate that had been 
inoculated with a 1.0-mL sample of a 1:10,000 dilution, there 
were220 X 10,000 = 2,200,000 bacteria/mi.. of the original 
material at the time the dilutions were made and cultured. 
H, however, 220 colonies were counted on an agar plate that 
had been inoculated with a 0.1-mL sample of a 1:10,000 
dilution, there were 220 X 10 X 10,000 = 22,000,000 bac
teria/mi.. of the original material at the time the dilutions 
were made and cultured. 

In the clinical microbiology laboratory, a viable cell count 
is an important part of a urine culture. (The technique is 
described in Chapter 13.) The number of viable bacteria 
per milliliter of a urine specimen is used as an indicator 
of a urinary tract infection. As explained in Chapter 13, 
high colony counts may also be caused by contamination 
of the urine specimen with indigenous micro biota during 
specimen collection or failure to refrigerate the specimen 
between collection and transport to the laboratory. 

Bacterial Papulation &I'DWIII CUrve 
A population growth curve for any particular species of 
bacterium may be determined by growing a pure culture of 
the organism in a liquid medium at a constant temperature. 
Samples of the culture are collected at :fixed intervals (e.g., 
every 3 0 minutes), and the number of viable organisms in 
each sample is determined. The data are then plotted on 
logarithmic graph paper. The graph in Figure 8-11 was 

obtained byplottingthe logarithm r ..., 
(log1o) of the number of viable A bacterial popula- ' 
bacteria (on the vertical or y-axis) tion growth curve 

consists of four 
against the incubation time (on phases: a lag phase, 
the horizontal or .r-uis). (If you a log phase, a sta-
are not familiar with logarithms, tionary phase, and a 
use an Internet search engine or death phase. 
refer to a math book.) '- ) 

The growth curve consists of the following four phases: 

1. The first phase of the growth curve is the lag phase, 
during which the bacteria absorb nutrients, synthesize 
enzymes, and prepare for cell division. The bacteria do 
not increase in number during the lag phase. 

2. The second phase of the growth curve is the logarithmic 
growth phase (also known as the log phase or exponential 
growth phase). In the log phase, the bacteria multiply so 
rapidly that the number of organisms doubles with each 
generation time (i.e., the number of bacteria increases 
exponentially). Growth rate is the greatest during the log 



Time 

Figure 8-11. A population growth curve of lhmg 
organisms. The logarithm of ttte number of bactena per 
milliliter of medium Is plotted against time (see text for details). 
{Redrawn from Harvey RA, et al. Li_ppinco~'s llfus~~ 
Reviews: Microbiology. 3rd ed. Philadelphia, PA: IJppmcott 
Williams & Wilkins; 2013.) 

phase. The log phase is always brief, unless the rapidly 
dividing culture is maintained by constant addition of 
nutrients and frequent removal of waste products. 'When 
plotted on logarithmic graph paper, the log phase appears 
as a steeply sloped straight line. 

3. Because the nutrients in the liquid medium are used up 
and the concentration of toxic waste products from the 
metabolizing bacteria build up, the rate of division slows, 
such that the number of bacteria that are dividing equals 
the number of bacteria that are dying. The result is the 
stationary phase. It is during this phase that the culture 
is at its greatest population density. 

4. As overcrowding occurs, the concentration of toxic waste 
products continues to increase and the nutrient supply 
decreases. The microorganisms then die at a rapid rate; 
this is the death phase or decline phase. The culture 
may die completely; or a few rnicroorguisms may con
tinue to survive for months. If the bacterial species is a 
spore former, it will produce spores to survive beyond 
this phase. When cells are observed in old cultures of 
bacteria in the death phase, some of them look different 
from healthy orguisms seen in the log phase. As a result 
of unfavorable conditions, morphologic changes in the 
cells may appear. Some cells undergo involution and as
sume various shapes, becoming long, filamentous rods or 
branching or globular forms that are difficult to identify. 
Some develop without a cell wall and are referred to as 
protoplasts, spheroplasts, or L-phase variants (L-forms). 
When these involuted forms are inoculated into a fresh 
nutrient medium, they usually revert to the original shape 
of the healthy bacteria. 

Many industrial and research procedures depend on 
the maintenance of an essential species of microorganism. 
These are continuously cultured in a controlled environment 
called a chemtJstat (Fig. 8-12), which regulates the supply 
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Figura 8·12. Chemostat ul!l8d for continuous cuHuraa. 
Rates of growth can be controlled either by controlling t~e ~te 
at which new medium enters 1he growttt chamber or by hmitmg 
a required growttt factor in 1he medium. 

of nutrients and the removal of waste products and excess 
microorganisms. Chemostats are used in industries where 
yeast is grown to produce beer and wine, where fungi 
and bacteria are cultivated to produce antibiotics, where 
E. coli cells are grown for genetic research, and in any other 
process needing a constant source of microorganisms. 

Cullllring Viruses and Other Obligate 
Intracellular Pathogens in the Laboratory 
Recall from Chapter 4 that obligate intracellular pathogens 
are microbes that can survive and multiply only within 
living cells (called host cells). Obligate intracellular pa~o
gens include viruses and two groups of Gram.-negattve 
bacteria-rickettsias and chtam.ydias. Because obligate 
intracellular pathogens will not grow on artificial (synthetic) 
media, they present a challenge to 
Iabontorians when large numbers 
of the organisms are required for 
diagnostic or research purposes 
(e.g., development of vaccines and 
new drugs). To grow such organ
isms in the laboratory, they must 
be inoculated into embryonated 
chicken eggs, laboratory animals, 
or cell cultures. 

Obligate Intracellular 
pathogens can be 
propagated In the 
laboratory using 
embryonated 
chicken eggs, 
laboratory animals, 

~, 

I or cell cultures. ...___ __ , 

In the virology laboratory, cell cultures are primarily 
used for the propagation of viruses. Because a given virus 
can only attach to and infect cells that bear appropriate 
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cell surface receptors, it is necessary to maintain several 
different types of cell lines in the virology laboratory. 
Examples of cell lines are kidney cells from monkeys, 
rabbits, or humans; human and mink lung cells; and various 
cancer cell lines. After appropriate cells are inoculated with 
a clinical specimen suspected of containing a specific type 
of virus, the cells are incubated for several days and then 
examined microscopically. If present, a given virus will 
cause specific morphologic alterations to the cells. These 
changes are called cytopathic effect (CPE). Examples of 
CPE include rounding, swelling, and shrinking of cells, 
or cells may become granular, glassy, vacuolated, or fused 
(illustrated in Fig.13-23 in Chapter 13). VIruses can then 
be identified based upon the particular type of CPE that 
they cause in a specific cell line. 

Culturing Fungi in the Laboratory 
Fungi (including yeasts, moulds, and dimorphic fungi) will 
grow on and in various solid and liquid culture media. There 
is no one medium that is best for all medically important 
fungi. Examples of solid culture media used to grow fungi 
are brain-heart infusion (BHI) agar, Bill agar with blood, 
and Sabouraud dextrose agar (SDA). Antibacterial agents are 
often added to the media to suppress the growth of bacteria. 
The low pH of SDA (pH 5 .6) inhibits the growth of most 
bacteria; thus, SDA is selective for fungi. Laboratory per
sonnel must exercise caution when culturing fungi because 
the spores of certain fungi are highly infectious. Because 
of the potential danger, a Oass II BSC must be used, and 
Petri plates are often sealed to prevent accidental exposure. 

Culturing Protozoa in the Laboratory 
Most clinical microbiology laboratories do not culture 
protozoa, but techniques are available for culturing pro
tozoa in reference and research laboratories. Examples of 
protozoa that can be cultured in vitro are amebae (e.g., 
AamthtmUJebtl spp., Bfllamutbill spp., Etztlmtf)eba histo/ytial, 
and Naeglerill fowlen), Giardia Iambiia, Leishmania spp., 
Tompl4smtl gtmdii, Trich0'11ZMIIIS vagina/is, and Trypanostmlll 
crozi. Of these protozoa, it is of greatest importance to 
cultureActmtbtmWeba, Blllamutbia, and N. fowkri in a clinical 
microbiology laboratory. These amebae can cause serious 
(often fatal) infections of the central nervous system
infections that are difficult to diagnose by other methods. 
Parasitic protozoa are further discussed in Chapter 21. 

PART 3: INHIBITING THE GROWTH OF 
MICROBES IN VITRO 

In certain environments, it is necessary or desirable to inhibit 
the growth of microbes. In hospitals, nursing homes, and 
other health care institutions, for example, it is necessary to 
inhibit the growth of pathogens so that they will not infect 
patients, staff members, or visitors. Other environments in 

which it is necessary or desirable to inhibit microbial growth 
include food and beverage processing plants, restaurants, 
kitchens, and bathrooms. 

Definition of Terms 
Before discussing the various methods used to destroy or 
inhibit the growth of microbes, a number of terms should 
be understood as they apply to microbiology. 

Sterilization 
Sterilization involves the destruction or elimination of 
all microbes, including cells, spores, and viruses. When 
something is mrile, it is devoid of microbial life. In health 
care facilities, sterilization of objects can be accomplished 
by physical or chemical methods. Dry heat, autoclaving 
(steam under pressure), ethylene oxide gas, and various 
liquid chemicals (such as formaldehyde) are the principal 
sterilizing agents in health care 
facilities. In some situations, certain 
types of radiation (e.g., ultraviolet 
[UV] light and gamma rays) are 
also used. These techniques are 
discussed later in this chapter. 

Sterilization involves 
the destruction or 
elimination of all 
microbes . ..... _______ ) 

Dlslnfacllan, Pasteurization, Dlslnfactants, 
Antiseptics, and Sanitization 
Disinrection describes the elimination of most or all patho
gens (except bacterial spores) from nonliving objects. In 
health care settings, objects are usually disinfected by liquid 
chemicals or wet pasteurization. The heating process devel
oped by Pasteur to kill microbes in wine--pmteurizatirm
is a method of disinfecting liquids. 
Pasteurization is used today to 
eliminate pathogens from milk and 
most other beverages. It should be 
remembered that pasteurization 
is not a sterilization procedure 
because not all microbes are 
destroyed. 

( 

Disinfection involves 
the elimination of 
most or all patho
gens (except bac
tertal spores) from 
nonliving objects. ..... _______ .) 

Chemicals used to disinfect inanimate objects, such as 
bedside equipment and operating rooms, are called disin
fectants. Disinfectants do not kill spores (i.e., they are not 
sporicidal). Because they are strong chemical substances, 
disinfectants cannot be used on living tissue. Antiseptics 
are solutions used to disinfect skin and other living tissues. 
Sanitization is the reduction of microbial populations to 
levels considered safe by public health standards, such as 
those applied to restaurants. 

Microbicidal Agents 
The suffix -ciJe or -citia/. refers to "killing," as in the words 
homicide, suicide, and genocide. General terms like germicidal 
agents (germicides), biocidal agents (bi«ida), and microbicidal 
agents (mimJbicides) are disinfectants or antiseptics that kill 
microbes. Bactericidal agents (bllt:tericides) specifically kill 
bacteria, but not necessarily bacterial endospores. Because 



spore coats are thick and resistant to the effects of many 
disinfectants, sporicidal agents are required to .kill bacterial 

endospores. Fungicidal agents 
~ u-._,..ddes) kill funcn, including 

Agents having the v-"c!S· e-
suffix •-cidal" kill fungal spores. Algicidal agents 
organisms, whereas (lllgiciJes) are used tD kill algae 
agents having the in swimming pools and hot tubs. 
suffix •-static• VIricidal agents (or virri&UW4pJts) 
merely inhibit destroyviruses.Pseudamonicidal 

l ttleir growth and agents kill P~ speci~ 
reproduction. .J and tuberculocidal agents kill 
·------- M. tubm:ulosis. 

Mk:rablstatlc Agents 
A microbistatic agent is a drug or chemical that inhibits 
reproduction of microorganisms, but does not necessarily 
kill them. A bacteriostatic agent is one that specifically 
inhibits the metabolism and reproduction of bacteria. 
Some of the drugs used to treat bacterial diseases are bac
teriostatic, whereas others are bactericidal. Freeze drying 
(lyophilization) and rapid freezing (using liquid nitrogen) 
are microbistatic techniques that are used to preserve 
microbes for future use or study. 

Lyophilization is a process that combines dehydration 
(drying) and freezing. Lyophilized materials are frozen in a 
vacuum; the container is then sealed to maintain the ilw:t:ive 
sttte. This freeze-drying method is widely used in industry 
to preserve foods, antibiotics, antisera, microorganisms, 
and other biologic materials. It should be remembered that 

l
,. Lyophilization is a ' lyophilization cannot be used to 

good method of pre- kill microorganisms, but rather 
serving microorgan- is used to prevent them from 
isms for future use. reproducing and to store them 

·-------.) for future use. 

Sapsls, Asepsis, Alaptlc Tac:hnlqua, Antisepsis, 
and Anllseplk: Technique 
Sepsis refers to the presence of pathogens in blood or 
tissues, whereas asepsis means the absence of pathogens. 
The two general categories of aseptic technique-medical 
and surgical asep~are described in detail in Chapter 12. 
Various techniques, collectively referred to as aseptic 
techniques, are used to eliminate and exclude pathogens. 
Earlier in this chapter, you le2rt1ed of the importance of 
using aseptic technique in the microbiology laboratory when 
inoculating culture media. In other areas of the hospital, 
aseptic techniques include hand hygienedt the use of sterile 
gloves, masks, and gowns; sterilization of surgical instru
ments and other equipment; and the use of disinfectants 
and antiseptics. Antisepsis is the prevention of infection. 
Antiseptic technique, developed by Joseph Lister in 1867, 
refers to the use of antiseptics. Antiseptic technique is a 
type of aseptic technique. Lister used dilute carbolic acid 

d>fhe term "hand hygiene" refers to handwashing; the usc of 
alcohol-based gels, rimes, and fuams; keeping fingernails clean 
and short; and not wearing artificial fingernails or rings. 
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(phenol) to cleanse surgical wounds and equipment and a 
carbolic acid aerosol to prevent harmful microorganisms 
from entering the surgical field or contaminating the patient. 

Sterile Tecllnlque 
Sterile technique is practiced when it is necessary to 
exclude .0 microorganisms from a particular area, so that 
the area will be sterile. In Chapter 12, you will learn how 
sterile technique is used in areas of the hospital, such as 
the operating room. 

Using Physical Methods to Inhibit 
Microbial Growth 

The methods used to destroy or inhibit microbial life are 
either physical or chemical, and sometimes both types are 
used. Physical methods commonly used in hospitals, clinics, 
and laboratories to destroy or control pathogens include 
heat, the combination of heat and pressure, desiccation, 
radiation, sonic disruption, and filtration. Each of these 
methods will now be briefly discussed. 

Heat 
Heat is the most practical, effi-
cient, and inexpensive method of Heat is the most 

sterilization of those inanimate 
objects and materials that can 
withstand high temperatures. 
Because of these adwntages, it is 
the means most frequendy used. 

Two factx>rs-ttmptflflrwt and 
'-

common type of 
sterlll2atlon tor Inan
Imate objects that 
can withstand high 
temperatures. 

) 

time-determine the effectiveness of heat for sterilization. 
There is considerable variation from organism to organism 
in their susceptibility to heat; pathogens are usually more 
susceptible than nonpathogens. Also, the higher the 
temperature, the shorter the time required to kill the organ
isms. The thermal death point of any particular species of 
microorganism is the lowest temperature that will kill all the 
organisms in a standardized pure culture within a specified 
period. The thermal death time is the length of time neces
sary to sterilize a pure culture at a specified temperature. 

In practical applications of heat for sterilization, one must 
consider the material in which a mature of microorganisms 
and their spores may be found. Pus, feces, vomitus, mucus, 
and blood contain proteins th1t serve as a protective coating 
to insulate the pathogens; when these substances are present 
on bedding, bandages, surgical instruments, and syringes, 
very high temperatures are required to destroy vegetative 
(growing) microorganisms and spores. In practice, the most 
effective procedure is to wash away the protein debris with 
strong soap, hot water, and a disinft:ctant, and then sterilize 
the equipment or materials with heat 

Drt Heat. Dry heat baking in a thermostatically controlled 
oven provides effective sterilization of meWs, glassware, 
some powders, oils, and waxes. These items must be bak:ed 
at 160°C to 165°C for 2 hours or at 170°C to 180°C for 
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1 hour. An ordinary oven of the type found in most homes 
may be used if the temperature remains constant. The 
effectiveness of dry heat sterilization depends on how 
deeply the heat penetrates throughout the material, and 
the items to be baked must be positioned so that the hot 
air circulates freely among them. 

Incineration (burning) is an effective means of destroying 
contaminated disposable materials. An incinerator must 
never be overloaded with moist or protein-laden materials, 
such as feces, vomitus, or pus, because the contaminating 
microorganisms within these moist substances may not be 
destroyed if the heat does not readily penetrate and bum 
them. Flaming the surface of metal forceps and wire bac
teriologic loops is an effective way to kill microorganisms 
and, for many years, was a common laboratory procedure. 
Open flames are dangerous, however; for this reason, 
they are rarely used in modern microbiology laboratories 
in which sterile, disposable, plastic inoculating loops are 
primarily used. Today, whenever wire inoculating loops 
are used, heat sterilization is usually accomplished using 
electrical heating devices (Fig. 8-13). 

Moist Heat. Heat applied in the presence of moisture, as 
in boiling or steaming, is faster and more effective than 
dry heat, and can be accomplished at a lower temperature; 
thus, it is less destructive to many materials that otherwise 
would be damaged at higher temperatures. Moist heat causes 
proteins to coagulate (as occurs when eggs are hard boiled). 
Because cellular enzymes are proteins, they are inactivated 
by moist heat, leading to cell death. 

The vegetative forms of most pathogens are quite 
easily destroyed by boiling for 3 0 minutes. Thus, clean 
articles made of metal and glass, such as syringes, needles, 
and simple instruments, may be disinfected by boiling 
for 3 0 minutes. Because the temperature at which water 
boils is lower at higher altitudes, water should always be 
boiled for longer times at high altitudes. Boiling is not 

Figure 8·13. Dry heat .Wrlllzatlon. Sterilizing a wire inocu
lating loop using an electrical heating devloe. 

always effective, however, because heat-resistant bacterial 
endospores, mycobacteria, and viruses may be present. The 
endospores of the bacteria that cause antluu, tetanus, gas 
gangrene, and botulism, as well as hepatitis viruses, are 
especially heat resistant and often survive boiling. Also, 
because thermophiles thrive at high temperatures, boiling 
is not an effective means of killing them. 

An autoclave is lilre a large metal pressure cooker that uses 
steam under pressure to completely destroy all microbial life 
(Fig. 8-14). The increased pressure raises the temperature 
above the temperature of boiling water (i.e., > 1 00°C) and 
forces the steam into the materials (-------", 
being sterilized. Autoclaving at a Autoclaves should 
pressure of 15 psi, at a temperature be set to run 20 
of 121.5°C, for 20 minutes, .kills minutes at a pres-
vegetative microorganisms, bacterial sure of 15 psi and 

d 
a temperature of 

en ospores, and viruses, as long 
th d by 

121.5°C. as ey are not protecte pus, ..... _______ ) 
feces, vomitus, blood, or other proteinaceous substances. 
Some types of equipment and certain materials, such as 

Figure 8·14. A large, built-In autoclave. (Provided by 
Dr. Robert Fader.) 



Figure 8·1 &. Autoclave tape. Left: Appearance of the tape 
before autoclaving. Right: Dark lines appear on the tape after 
autoclaving. The dark lines indicate that the proper tempera
ture was achieved. (Courtesy of Dr. Robert Fader.) 

rubber, which may be damaged by high temperatures, can 
be autoclaved at lower temperatures for longer periods. 
The timing must be carefully determined based on the 
contents and compactness of the load. All articles must be 
properly packaged and arranged within the autoclave to 
allow steam to penetrate each package completely. Cans 
should remain open, bottles covered loosely with foil or 
cotton, and instruments wrapped in cloth. Sealed containers 
should not be autoclaved. Pressure-sensitive autoclave tape 
(Fig. 8-15) and commercially available strips or solutions 
containing bacterial spores (Fig. 8-16) can be used as quality 
control measures to ensure that autoclaves are functioning 
properly. Autoclave tape has diagonal markings that contain 
an ink that changes color (usually from beige to black) after 
exposure to proper autoclave temperature (121.5°C).After 
the spore strips or solutions are used, they are examined 
to see whether the spores were killed. 

Home canning conducted without the use of a pressure 
cooker does not destroy the endospores of bacteria-notably 
the anaerobe, CIIJstridium botulinum. Occasionally, local 
newspapers report cases of food poisoning resulting from 
the ingestion of C. botulinum toxins in improperly canned 
fruits, vegetables, and meats. Botulism food poisoning is 
preventable by properly washing and pressure cooking 
(autoclaving) food. 

An effe<:tive way to disinfect clothing, bedding, and dishes 
is to use hot water (>60°C) with detergent or soap and to 
agitate the solution around the items. This combination of 
heat, meehani.cal action, and chemical inhibition is deadly 
to most pathogens. The best way to remove microbes from 
a kitchen sponge is to rinse it. wring it out. and microwave 
it for 30 to 60 seconds.e 

"fo learn more about microbes in our food and kitt:hens, see "A 
Closer Look at Microbes in Our Food" and "A Closer Look at 
Inhibiting the Growth of Pathogens in Our Kit:cbe.ns" on t • Ptlir..t. 
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Figure 8-18. Biologic Indicator used to monitor the effec
tiveness of autoclaving. Sealed ampules containing bacterial 
spores suspended in a growth medium are placed within the 
load to be sterilized. Following sterilization, the ampules are 
Incubated at 35°C. If the spores were killed, there will be no 
change In the color of the medium; It will I'Qmaln purple. If 
the spores were not killed, germination will occur, and acid 
production by the bacteria will cause the pH indicator in the 
medium to change from purple to yellow. (Provided by Fisher 
Scientific.) 

Cold 
Most microorganisms are not .killed by cold temperatures 
and freezing, but their metabolic activities are slowed, 
greatly inhibiting their growth. Refrigeration merely slows 
the growth of most microorganisms; it does not completely 
inhibit growth. Slow freezing causes ice crystals to form 
within cells and may rupture the cell membranes and cell 
walls of some bacteria; hence, slow freezing should not be 
used as a way to preserve or store bacteria. Rapid freezing, 
using liquid nitrogen, is a good way to preserve foods, 
biologic specimens, and bacterial cultures. It places bac-
teria into a state of suspended r -, 

animation. Then, when the Refrigeration cannot 
temperature is raised above the be relied upon to kill 
freezing point. the organisms' microorganisms; it 
metabolic reactions speed up, merely slows their 

metabolism and 
and the organisms begin to their rate of growth. 
reproduce again. 

Persons who are involved in 
the preparation and preservation of foods must be aware 
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that thawing foods allows bacterial spores in the foods 
to germinate and microorganisms to resume growth. 
Consequently, refreezing of thawed foods is an unsafe 
practice because it preserves the millions of microbes 
that might be present, leading to rapid deterioration of 
the food when it is rethawed. Also, if the endospores of 
C. botulinJI'm or CWstridium perfringens were present, the 
viable bacteria would begin to produce the toxins that 
cause food poisoning. 

Desiccation 
For many centuries, foods have been preserved by drying. 
However, even when moisture and nutrients are lacking, 
many dried microorganisms remain viable, although they 
cannot reproduce. Foods, antisera, toxins, antitoxins, 
antibiotics, and pure cultures of microorganisms are often 
preserved by lyophilization-the combined use of freezing 
and drying (discussed previously). 

In the hospital or clinical environment, health care 
professionals should keep in mind that dried viable patho
gens may be present in dried matter, including blood, pus, 
fecal material, and dust that are found on floors, in bed
ding, on clothing, and in wound dressings. Should these 
dried materials be disturbed, such as by dry dusting, the 
microbes would be easily transmitted through the air or 
by contact. They would then grow rapidly if they settled 
in a suitable moist, wann nutrient environment, such as 

In a hospital set
ting, dried clinical 
specimens and dust 
may contain viable 

a wound or a burn. Therefore, 
important precautions that must 
be observed include wet mopping 
of floors, d2mp dusting of furni
ture, rolling bed linens and towels 

microorganisms. carefully, and proper disposal of 
- __,J wound dressings. 

RadlaiiDn 
The sun is not a particularly reliable disinfecting agent 
because it kills only those microorganisms that are exposed 
to direct sunlight. The rays of the sun include the long 
infrared (heat) rays, the visible light rays, and the shorter 
UV rays. The UV rays, which do not penetrate glass and 
building materials, are effective only in the air and on 
surfaces. They do, however, penetrate cells and thus can 
cause damage to DNA When this occurs, genes may be so 
severely damaged that the cell dies (especially unicellular 
microorganisms) or is drastically changed. 

In practice, a UVlamp (often called a germicidal lamp) 
is useful for reducing the number of microorganisms in the 
air. Its main component is a low-pressure mercury vapor 
tube. Such lamps are found in newborn nurseries, operating 
rooms, elevators, entryways, cafeterias, and classrooms, 
where they are incorporated into louvered ceiling fixtures 
designed to radiate UV light across the top of the room 
without st:rildng people in the room. Sterility may also 
be maintained by having a 1N lamp placed in a hood or 

cabinet-containing instruments, paper and cloth equip
ment, liquid, and other inanimate articles. Many biologic 
materials, such as sera, antisera, toxins, and vaccines, are 
sterilized with UV rays. 

Those whose work: involves the use of UV lamps 
must be particularly careful not to expose their eyes or 
skin to the rays because they can cause serious burns 
and cellular damage. Because UV rays do not penetrate 
cloth, metals, and glass, these materials may be used to 
protect persons working in a UV environment. It has 
been shown that skin cancer can be caused by excessive 
exposure to the 1N rays of the sun; thus, extensive sun 
tanning is harmful. 

X-rays and gamma and beta rays of certain wavelengths 
from radioactive materials may be lethal or cause mutations 
in microorganisms and tissue cells because they damage 
DNA and proteins within those cells. Studies performed 
in radiation research laboratories have demonstrated 
that these radiations can be used for the prevention of 
food spoilage, sterilization of heat-sensitive surgical 
equipment, preparation of vaccines, and treatment of 
some chronic diseases such as cancer, all of which are 
very practical applications for laboratory research. The 
U.S. Food and Drug Administration approved the use of 
gamma rays (from cobalt-60) to process chickens and red 
meat in 1992 and 1997, respectively. Since then, gamma 
rays have been used by some food processing plants to 
kill pathogens (such as Salmonelill and Campylobaaer 
bacteria) in chickens; the chickens are labeled "irradi
ated" and marked with the green international symbol 
for irradiation (Fig. 8-17). 

Ultrasonic waves 
In hospitals, medical clinics, and dental clinics, ultrasonic 
waves are a frequently used means of cleaning delicate 
equipment. Ultrasonic cleaners consist of tanks filled 

Figure 8-17. International symbol for 
inadiatad food. {Provided by of the U.S. 
Department of Agriculture.) 



with liquid solvent (usually water); the short sound waves 
are then passed through the liquid. The sound waves 
mechanically dislodge organic debris on instruments and 
glassware. Glassware and other articles that have been 
cleansed in ultrasonic equipment must then be washed 
to remove the dislodged particles and solvent and are 
then sterilized by another method before they are used. 
Following cleaning of their instruments, most dental 
professionals sterilize them using steam under pressure 
(autoclave), chemical (fonnaldehyde) vapor, o.r dry heat 
(e.g., 160°C for 2 hours). 

Filtration 
Filters of various pore sizes are used to filter or separate ceUs, 
larger viruses, bacteria, and certain other microorganisms 

from the liquids or gases in which 

Microbes, even 
those as small 
as viruses, can 
be removed from 
liquids using filters 
having appropriate 
pol'8 sizes. 

' they a.re suspended. Filters with 

--" 

tiny pore sizes (called micropore 
filters) are used in laboratories 
to filter bacteria and viruses out 
of liquids. The variety of filters 
is large and includes sintered 
glass (in which uniform particles 
of glass a.re fused), plastic films, 

unglazed porcelain, asbestos, diatomaceous earth, and 
cellulose membrane filters. Small quantities of liquid can 
be filtered through a filter-containing syringe, but large 
quantities require larger apparatuses. 

A cotton plug in a test tube, flask, or pipette is a good 
filter for preventing the entry of microorganisms. Dry 
gauze and paper masks not only prevent the outward 
passage of microbes from the mouth and nose but also 
protect the wearer from inhaling airborne pathogens and 
foreign particles that could damage the lungs. BSCs contain 

lime 
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high-efficiency particulate air (HEPA) filters to protect 
workers from contamination. HEPA filters are also located 
in operating rooms and patient rooms to filter the air that 
enters or exits the room. 

GIIIOUI Atmasphare 
In limited situations, it is possible to inhibit the growth 
of microorganisms by altering the atmosphere in which 
they are located. Because aerobes and microaerophiles 
require oxygen, they can be killed by placing them into 
an atmosphere devoid of oxygen or by removing oxygen 
from the environment in which they are living. Conversely, 
obligate anaerobes can be killed by placing them into an 
atmosphere containing oxygen or by adding oxygen to 
the environment in which they a.re living. For instance, 
wounds likely to contain anaerobes a.re lanced (opened) to 
expose them to oxygen. Another example is gas gangrene, 
a deep wound infection that causes rapid destruction of 
tissues. Gas gangrene is caused by various anaerobes in 
the genus Ckmridium. In addition to debridement of the 
wound (removal of necrotic tissue) and the use of antibi
otics, gas gangrene can be treated by placing the patient in 
a hyperbaric (increased pressure) oxygen chamber or in a 
room with high oxygen pressure. As a result of the pressure, 
oxygen is forced into the wound, providing oxygen to the 
oxygen-starved tissue and killing the clostridia. 

Using Chemical Agents to Inhibit 
Microbial Growth 

Dlslnfactants 
Chemical disinfection refers to the use of chemical agents 
to inhibit the growth of pathogens, either temporarily or 
permanently. The mechanism by which various disinfectants 

Effectiveness of 
antimicrobial 
procedures 

Plaaence of proteins I 
In feces, blood, I 
vomitus, pus 

,_.) 

Type of microbes 
Number of microbes 
Presence of spores 

Figure 8-18. Factors that determine 1he effectivenMs of any antimicrobial procedure. 
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k:ii1 cells varies from one type of dis.infed:ant to another. 
Various factors affect the efficiency or effectiveness of a 
disinfectant (Fig. 8-18), and these factors must be taken 
into consideration whenever a disinfectant is used. These 
factors include the following: 

• Prior cleaning of the object or S"Wface to be disinfected 
• The organic load that is present; that is, the presence of 

organic matter (e.g., feces, blood, vomitus, and pus) on 
the materials being treated 

• The bioburden; that is, the type and level of microbial 
cont:amination 

• The concentration of the disinfectant 
• The contact time; that is, the amount of time that the 

disinfectant must remain in contact with the organisms 
in order to kill them (see Lr,c.Ptlintfor "A Closer Look at 
Contact Tune'~ 

• The physical nature of the object being disinfected (e.g., 
smooth or rough surface, crevices, and hinges) 

• Temperature and pH 

Directions for preparing the proper dilution of a dis
infectant must be followed carefully because too weak or 
too strong a concentration is usually less effective than the 
proper concentration (see Appendix 6 on <!Pvd "Preparing 
Solutions and Dilutions"). The items to be disinfected must 
first be washed to remove any proteinaceous material in which 
pathogens may be hidden. Although the washed article may 
then be clean, it is not safe to use until it has been properly 
disinfected. Health care personnel need to understand an 
important limitation of chemical disinfection-that many 
disinfect:mts that are effective against pathogens in the 
controlled conditions of the laboratory may be ineffective in 
the actual hospital or clinical environment. Furthermore, the 
stronger and more effective antimicrobial chemical agents 
are of limited usefulness because of their destructiveness 
to human tissues and certain other substances. 

Almost all bacteria in the vegetative state, as well 
as fungi, protozoa, and most viruses, are susceptible 
to many disinfectants, although the mycobacteria that 
cause tuberculosis and leprosy, bacterial endospores, 
pseudomonads (Pseud011WIIIS spp.), fungal spores, and 

Degree of Resistance of Microbes 
to Disinfection and Sterilization 

Level of Resistance 

High 

Intermediate 

Low 

Microbes 

Prions, bacterial spores, 
coccidia, mycobacteria 
Nonlipid or extremely small 
viruses, fungi 
Vegetative bacteria, lipid or 
medium-sized viruses 

Note: Coc:ddla Is a category of Pft)tozoen parasites. Veg8!Jrtlve bacteria 
are bacteda. that are actively mstabollalg and multiplying {as opposed 

to 8p01'86. which am dormant and pouess a 1hick spor& coat). 

hepatitis viruses are notably resistant (see Table 8-3). 
Therefore, chemical disinfection should never be 
attempted when it is possible to use proper physical 
sterilization techniques. 

The disinfectant that is most effectiw for each situation 
must be chosen carefully. Chemical agents used to disinfect 
respiratory therapy equipment and thermometers must 
destroy all pathogenic bacteria, fungi, and viruses that may 
be found in sputum and saliva. One must be particularly 
aware of the oral and respiratory pathogens, including 
M. tub~ species of P~, Staphyl«oaus, and 
Strep~ the various fungi that cause candidiasis, blas
tomycosis, coccidioidomycosis, and histoplasmosis; and all 
respiratory viruses. 

Because most disinfection methods do not destroy all 
bacterial endospores that are present, any instrument or 
dressing used in the treatment of an infected wound or a 
disease caused by spore formers must be autoclaved or in
cinerated. Gas gangrene, tetanus, and ant:hru are examples 
of diseases caused by spore formers that require the health 
care worker to take such precautions. Formaldehyde and 
ethylene o:xide, when properly used, are highly destructive 
to spores, mycobacteria, and viruses. Certain articles are 
heat sensitive and cannot be autoclaved or safely washed 
before disinfection; such articles are soaked for 24 hours in 
a strong detergent and disinfectant solution, then washed, 
and 6nally sterilized in an ethylene oxide autoclave. The 
use of disposable equipment, whenever possible, in these 
situations helps to protect patients and health care personnel. 

The effectiveness of a chemical agent depends to some 
extent on the physical characteristics of the article on which it 
is used. A smooth, hard surface is readily disinfected, whereas 
a rough, porous, or grooved surface is not. Thought must be 
given to selection of the most suitable germicide for cleaning 
patient rooms and all other areas where patients are treated. 

The most effective antiseptic or disinfectant should 
be chosen for the specific purpose, environment, and 
pathogen(s) likely to be present. The characteristics of an 
ideal chemical antimicrobial agent include the following: 

• It should have a wide or broad antimicrobial spectrum; 
that is, it should kill a wide variety of microbes. 

• It should be fast acting; that is, the contact time should 
be short. 

• It should not be affected by the presence of organic 
matter (e.g., feces, blood, vomitus, and pus). 

• It must be nontoxic to human tissues and noncorrosive 
and nondestructive to materials on which it is used (for 
instance, if a tincture [e.g., alcohol-water solution] is 
being used, evaporation of the alcohol solvent can cause 
a 1% solution to increase to a 10% solution, and at this 
concentration, it may cause tissue damage). 

• It should leave a residual antimicrobial film on the 
treated surface. 

• It must be soluble in water and easy to apply. 
• It should be inexpensive and easy to prepare, with simple, 

specific directions. 



• I~ m~t be stahl~ both as a concentrate and as a working 
dilution, so that tt can be shipped and stored for reasonable 
periods. 

• It should be odorless. 

How do disinfectants kill microorganisms? Some disin
fectants (e.g., surface-active soaps and detergents alcohols 
phenolic compmmds) target and destroy cell m~mbranes: 
Others (e.g., halogens, hydrogen peroxide, salts of heavy 
metals, formaldehyde, and ethylene oxide) destroy enzymes 
and structural proteins. Others attack cell walls or nucleic 
~cids. S?me of ~e disinfectants that are commonly used 
m hosp1tals are discussed in Chapter 12. 

The effectiveness of phenol as a disinfectant was demon
strated by Joseph Lister in 1867, when it was used to reduce 
the incidence of infections after surgical procedures.fThe 
effectiveness of other disinfectants is compared to that 
of phenol using the phenol coif.ficimt test. To perform this 
test, a series of dilutions of phenol and the experimental 
disinfectant are inoculated with the test bacteria, Salmonella 
typhi and S. lliWWS1 at 3 7°C. The highest dilutions (lowest 
concentrations) that kill the bacteria after 10 minutes are 
used to calculate the phenol coefficient. 

Antiseptics 
Most an~crobial c~emical agents are too irritating and 
destructive to be applied to mucous membranes and skin. 
Those that may be used safely on human tissues are called 
antiseptics. An antiseptic merely reduces the number of 
orF~ on a surface; it does not penetrate pores and 
hair follicles to destroy microorganisms residing there. To 
remove organisms lodged in pores and folds of the skin, 
health care personnel use an antiseptic soap and scrub with 
a brush. To prevent resident indigenous microbiota from 
contaminating the surgical field, surgeons wear sterile 

-., gloves on freshly scrubbed hands, 
Antimicrobial chem- and masks and hoods to cover 
ical agents that can their face and hair. Also, an anti-
safely be applied 
to skin are called septic is applied at the site of the 
antiseptics. surgical incision to destroy local 

microorganisms. 

Contruvarslas Relalng to the Usa of 
Antimicrobial Aganls in Animal Faad 
and Household Products 
It has been estimated that farmers and ranchers use 
~pproximately 1.0 ?-roes the antibiotic tonnage as employed 
m human medtcme. The reason is obvious; to cure or 
prevent infectious diseases in farm animals-infections 
that could lead to huge economic losses for farmers and 
ranchers. The problem is that when antibiotics are fed 
to an animal, the antibiotics kill any indigenous micro
biota organisms that are susceptible to the antibiotics. 
But what survives? Any organisms that are resistant to 

tr.eam more abmrtJoseph List:er in a Historical Note in Chapter 11. 
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the antib!otics. Having less competition now for space 
and nutrients, these drug-resistant organisms multiply 
and become the predominant organisms of the animal's 
indigenous microbiota. These drug-resistant organisms 
are then transmitted in the animal's feces or food products 
(e.g., eggs, milk, and meat) obtained from the animal. 
Many multidrug-resistant Salmonella strains-strains that 
cause disease in animals and humans-developed in this 
manner. The use of antibiotic-containing animal feed 
is quite controversial. Microbiologists concerned about 
ever-increasing numbers of drug-resistant bacteria have, 
for years, been attempting to eliminate or drastically 
reduce the practice of adding antibiotics to animal feed. 
In April2012, the U.S. Food and Drug Administration 
announced a program calling for a voluntary halt to the 
us~ of antibiotics for growth promotion in animals being 
rat~ed. for food. Farmers and ranchers will require a pre
scrtptton from a veterinarian before using antibiotics in 
such animals and will have to convince the veterinarian 
that their animals were either sick or at risk of getting a 
specific illness. 

Anoth~ controversy concerns the antimicrobial agents 
tha~ are b~g added to toys, cutting boards, hand soaps, 
anttbactenal kitchen sprays, and many other household 
products. The antimicrobial agents in these products kill 
any or~sms that are susceptible to these drugs, but 
what survtves? Any organisms that are resistant to these 
agents. These drug-resistant organisms then multiply 
and become the predominant organisms in the home. 
Should a member of the household become infected 
~th ~ese ~rug- and multidrug-resistant organisms, the 
mfectton will be more difficult to treat. For many years, 
concerned microbiologists have attempted to eliminate 
or drastically reduce the practice of adding antimicrobial 
agents to household products. 

Another argument against the use of antimicrobial 
~gents in the home concerns proper development of the 
unmune system. Many scientists believe that children must 
be exposed to all sorts of microbes during their growth 
and development so that their immune systems will de
velop correctly and be capable of properly responding to 
pathogens in later years.'The use of household products 
containing antimicrobial agents might be eliminating the 
very organisms that are essential for proper maturation of 
the immune system. 

I!Qoe scientist (Thomas McDade ofNorthwestern University) has 
stated that "'nflammatory networks may need the same type of 
microbial exposure early in life that have been part of the human 
~vironment for all of our evolutionary history to function optimally 
m adulthood." The American Society for Microbiology (ASM) 
has speculated that "IDtra-dean, ultra-hygienic environments 
~ar~ ~ life may ~tribute to higher levels of inflammation [that] 
mdivtduals expenence as adult5, which in turn ina-cases their risk 
for a wide range of diseases." (Slonczewski JC, et al. Microbial 
growth with multiple stresson. Microbe. 201 0;5 :98.) 
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oN the Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• A Closer Look: 

• Hydrothennal Vents 
• Barometric Pressure 
• Contact Time 
• Microbes in Our Food 
• Inhibiting the Growth of Pathogens in 

Our Kitchens 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

? .. Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multipl•choice questions. 

1. It would be necessary to use a tuberculocidal agent 
to kill a particular species of: 
a. Clostridium 
b. Mycobacterium 
c. Staphylococcus 
d. Streptococcus 

2. Pasteurization is an example of: 
a. antiseptic technique 
b. disinfection 
c. sterilization 
d. surgical aseptic technique 

3. The combination of freezing and drying is 
known as: 
a. desiccation 
b. lyophilization 
c. pasteurization 
d. tyndallization 

4. Organisms that live in and around hydrothermal 
vents at the bottom of the ocean are: 
a. acidophilic, psychrophilic, and halophilic 
b. halophilic, alkaliphilic, and psychrophilic 
c. halophilic, psychrophilic, and piezophilic 
d. halophilic, thermophilic, and piezophilic 

S. When placed into a hypertonic solution, a bacterial 
cell will: 
a. take in more water than it releases 
b. lyse 
c. shrink 
d. swell 

8. To prevent Clostridium infections in a hospital 
setting, what kind of disinfectant should be used? 
a. fungicidal 
b. pseudomonicidal 
c. sporicidal 
d. tuberculocidal 

7. Sterilization can be accomplished by the use of: 
a. an autoclave 
b. antiseptics 
c. medical aseptic techniques 
d. pasteurization 

8. The goal of medical asepsis Is to kill __ ____, 
whereas the goal of surgical asepsis is to kill __ ___. 
a. all microorganisms .... pathogens 
b. bacteria .... bacteria and viruses 
c. nonpathogens .... pathogens 
d. pathogens .... all microorganisms 

9. Which of the following types of culture media is 
selective and differential? 
a. blood agar 
b. MacConkey agar 
c. PEAagar 
d. Thayer4Jiartin agar 

10. All the following types of culture media are enriched 
and selective except: 
a. blood agar 
b. CNA blood agar 
c. PEAagar 
d. Thayer4Jiartin agar 
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Growth Of 
Pathogens In Vivo 
using Antimicrobial 
Agents 
CHAPTER OUTLINE 

Introduction 

Chlraclerlstlcs olan ldul 
Antlmlr:rolllal Agent 

How Antimicrobial Agents work 

Antibacterial Agents 
Some Major Categories of 

Antibacterial Agents 
PeniciHins 
Cephalosporins 
Carbapenems 
Glycopeptides 

Tetracyclines 
Aminoglyoosides 
Macrolides 
Fluoroquinolones 

Multidrug Therapy 
Synergism versus Antagonism 

Antimrcabactarial Agants 

Antifungal Agents 

Antiparasitic Agents 

Antiviral Agents 

After studying this chapter, you should be able to: 

CHAPTER 

G~>.t om \Mm~ v.m \~~1mifit 
whether a particular bacterial strain 
Is susceptible or resistant to various 
antimicrobial agents. 

Drug Rllislance 
•superbugs" 
How Bacteria Become 

Resistant to Drugs 
P·L.actamases 

Same Strategies In the War against 
DrugReslstlnce 

Empiric ntarapy 

Undesirable Effects ol 
Antlmlcrablll Agents 

Goncluding Remarks 

• Identify the characteristics of an ideal antimicrobial agent 
• Compare and contrast chemotherapeutic agents, 

antimicrobial agents, and antibiotics as to their 
Intended purpose 

• Identify the four most common mechanisms by which 
bacteria become resistant to antimicrobial agents 

• State the ftve most common mechanisms of actfon of 
antimicrobial agents 

• Differentiate between bactericidal and bacteriostatic 
agents 

• State the difference between narrow-spectrum and 
broad-spectrum antimicrobial agents 

• State what the Initials "MRSA," •MRSE," •eRE," "VRE," 
and "MDRO" stand for 

• Define the terms P·lactam ring, P·lactam antibiotics, 
and P·lactamase 

• Name three major groups of bacterial enzymes that 
destroy the P·lactam ring 

• State six actions that clinicians and/or patients can 
take to help In the war against drug resistance 
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• Explain what Is meant by empiric therapy 
• List six factors that a clinician would take into 

consideration before prescribing an antimicrobial 
agent for a particular patient 

• Sta1B three undesirable e1f9cts of antimicrobial agents 

INTRODUCTION 

Chapter 8 contained infonnation regarding the control of 
microbial growth in vitro. Another aspect of controlling the 
growth of microorganisms involves the use of drugs to treat 
(and, hopefully, to cure) infectious diseases; in other words, 
using drugs to control the growth of pathogens in vivo. 

Although we most often hear the tenn chemotherapy 
used in conjunction with cancer (i.e., cancer chemotherapy), 

r 
"" chemotberajTJ actually refers to the 

A chemotherapeu- use of an chemical ( dru ) to 
tic agent Is any Y . or . ~ 
drug used to treat treat any ~sease or cond.itton. 

L
anycondition or The chemicals (or drugs) used 
disease. to treat diseases are referred to 

J as chemotherapeutic agents. By 
definition, a chemothmiJJ~ .gmt is II11J drug used to treat 
lilly condition or disease. 

For thousands of years, people have been discovering 
and using herbs and chemicals to cure infectious diseases. 
Native witch doctors in Central and South America long 
ago discovered that the herb, ipe<:ac, aided in the treatment 

HISTORICAL 
NOTE 
The Father of Chemotherapy 

The true beginning of modem chemo
therapy came in the late 1 BOOs when 
Paul Ehrtich, a German chemist, began 

his search for chemicals (referred to as 
•magic bullets'' that would destroy bac
terta, yet would not damage normal body 
eels. By 1909, he had tested more than 

800 chemicals, without success. Finally, 
in that year, he discovered an arsenic compound that 
proved effective in treating syphilis. Because this was 
the 606th compound Ehrlich had tried, he called it 
•compound 606." The technical name for Compound 
606 is arsphenamine, and the trade name was Sal
varsan. Until the availability of penicillin in the early 
1940s, Salvarsan and a related compound-Neo
salvarsan-were used to treat syphilis. Ehrlich also 
found that rosaniline was useful for treating African 
trypanosomiasis. 

• Explain what Is meant by a •superinfection:• 
and cite three diseases that can resuh from 
superinfections 

• Explain the dilf8rence between synergism and 
antagonism with regard to antimicrobial agents 

of dysentery, and that a quinine extract of cinchona bark 
was effective in treating :malaria. During the 16th and 17th 
centuries, the alchemists of Europe searched for ways to 
cure smallpox, syphilis, and many other diseases that were 
rampant during that period of history. Unfortunately, 
many of the mercury and arsenic chemicals that were 
used frequendy caused more damage to the patient than 
to the pathogen. 

The chemotherapeutic agent5 used to treat infectious 
diseases are collectively referred to as antimicrobial agents! 
Thus, an tmtimkrobilll.gmt is any r -..

1 
chemical (or drug) used to treat The chemothera-
an infectious disease, either by peutlc agents used 
inhibiting or by killing pathogens ~ treat Infectious 
in vivo. Drugs used to treat bacte- ~1seases are collec
rial diseases are called rmtibtKterilll tiv~ly .reten:ed to as 
.-tr h th ed antim1crob1al agents. 
- 6 ··-• w ereas ose us to treat 
fungal diseases are called tmtiftmglll 
agents. Drugs used to treat protozoal diseases are called 
tmtiprotDziHJJ 11gmtr, and those used to treat viral diseases 
are called ll1lliviniJ 11gmts. 

Some antimicrobial agents are ( "'' 
antibiotics. By definition, an tmti- An antlblaHc Is a 

biotic is a substance produced by a su~ce prod~ced 
microorganism that is effective in by a miCroorgamsm 

killing inhlb' · th wth f that is effective in 
or 1tmg e gro o kill' . h'b' . 

oth . . Alth h 1ng or 1n 1 1t1ng 
er nncroorgamsms. oug 1h rowth 1 oth 

all 'bi . . . b.al e g o er 
antt otlcs az:e ~tl~cro 1 microorganisms. 

agents, not all anti.mJcrobial agents '- ) 
are antibiotics; therefore, the terms are not synonyms, and 
care should be taken to use the terms correctly. 

Antibiotics are produced by certain moulds and bacteria, 
usually those that live in soil. The antibiotics produced by 
soil organisms give them a selective advantage in the struggle 
for the available nutrients in the soil ..- "'• 
Penicillin and cephalosporins are Antibiotics are pri-
CDD1plcs of antibiotics produced by martly antibacterial 

moulds; bacitracin, erythromycin, = t!, ~:::~~ 
and ~~~phenicol are eumples rial diseases. 
ofanttbiotlcs produced by bacteria. ~-------" 
Although originally produced by microorganisms, tnany 
antibiotics are now synthesized or manufactured in phar
maceutical laboratories. Also, many antibiotics have been 

a"fcchnically, an antimicrobial agent is -:y chemical agent that 
kills or inhibits the growth of microbes. However, throughout 
this book, the term is used in reference to drugs that are used to 
treat infectious diseases. 
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STUDY AID 
Clarifying Drug 
Terminology 

Imagine that all 
chemothefaP8Ufic agents 
are contained within one very 
large wooden box. Within that large box are mar 
smaller boxes. Each of the smaller boxes contair 
drugs to treat one particular category of disease1 
example, one of the smaller boxes contains drug 
to treat cancer: these are called cancer chemoth 
peutic agents. Another of the smaller boxes cont 
drugs to treat hypertension (high blood pressure) 
Another of the smaller boxes contains drugs to t1 
Infectious diseases; these are called anUmtcrobt~ 
agents. Now Imagine that the box containing ant 
croblal agents contains even smaller boxes. One 
these very small boxes contains drugs to treat bt 
terlal diseases: these are called antibacterial age. 
Another of these very small boxes contains drug: 
to treat fungal diseases: these are called ant/fun~ 
agents. Other very small boxes contain drugs to 
protozoal diseases (anUprotozoat agents) and dn 
to treat viral infections (antiviral agents). To appn: 
priately treat a particular disease, a clinician., mu. 
select a drug from the appropriate box. To treat ~ 
gal infection, for example, the clinician must sele 
drug from the box containing antifungal agents. 

chemically modified to kill a wider variety of pa 
or reduce side effects; these modified antibiotics a: 
semisynthetic tmtibiotia. Semisynthetic antibiotics 
semisynthetic penicillins, such as ampicillin and 1 

Antibiotics are primarily antibacterial agents and 
used to treat bacterial diseases. 

CHARACTERISTICS OF AN IDEAL 
ANTIMICROBIAL AGENT 

The ideal antimicrobial agent should: 

• Kill or inhibit the growth of pathogens 
• Cause no damage to the host 
• Cause no allergic reaction in the host 
• Be stable when stored in solid or liquid form 
• Remain in specific tissues in the body long en 

be effective 
• Kill the pathogens befure tbeymuwe and beoome resi 

"The term dinicilm is used throughout this book to refer to a 
physician or other health care professional, who is authorized to 

make diagnoses and prescribe medications. 

HISTORICAL 
NOTE 
The First Antibiotics 

In 1928, Alexander Fleming 
{Fig. 9-1), a Scottish bacteriolo
gist, accidentally discovered the 

first antibiotic when he noticed 
that the growth of contaminant 
Penicillium notatum mould 
colonies on his culture plates 

was inhibiting the growth of 

Figure 8-1. Alexander Fleming. (Provided by Callbuon at 
the English Wikibooks project.) 

Staphylococcus bacteria (Fig. 9-2). Fleming gave the 
name "penicillin" to the inhibitory substance being 
produced by the mould. He found that broth cultures 
of the mould were not toxic to laboratory animals and 
that they destroyed staphylococci and other bacteria. 
He speculated that penicillin might be useful in treat
ing infectious diseases caused by these organisms. 
As was stated by Kenneth B. Raper in 1978, "Con
tamination of his Staphylococcus plate by a mould 
was an accident; but Fleming's recognition of a 
potentially important phenomenon was no accident, 
for Pasteur's observation that 'chance favors the pre
pared mind' was never more apt than with Fleming 
and penicillin . ..: 
During Wor1d War II, two biochemists, Sir How
ard Walter Florey and Ernst Boris Chain, purified 
penicillin and demonstrated its effectiveness in the 
natment of various bacterial infections. By 1942, 

cReaders wishing additional information about the discovery and 
production of penicillin should read Gaynes R. The discovery of 
penicillin-new insights after more than 7 S years of clinical use. 
1!.mtt-g lnfo:tDis. 2017;23(5):849-853. doi:l0.3201/eid2305.161556. 
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Figura 1-2. The discovery of penicillin by Alexander 
Fleming. A. Colonies of Staphylococcus auteUs (a bacte
rium) are growing well In this area of the plate. B. Colonies 
are poorly developed In this area of the plate because of an 
antibiotic (penicillin) being producec:l by the colony of Pen
lcNIIum notatum (a mould) shown at (C). {This photograph 
originally appeared In the Brltlsh Jouma/ of Experimental Pa
thology In 1929.) (From Wlnn WC Jr, et al. Koneman~ Color 
Attas and Textbook of Diagnostic Microbiology. 6th ed. Phila
delphia, PA: JB Lippincott; 2006.) 

the U.S. drug Industry was able to produce sufficient 
penicillin for human use, and the search for other an
tibiotics began. (Earlier-in 1935-a chemist named 
Gerhard Domagk discovered that the red dye, Pron
tosil, was effective against streptococcal infections in 
mice. Further research demonstrated that Prontosil 
was degraded or broken down In the body Into sul
fanilamide, and that sulfanilamide [a sulfa drug] was 
the effective agent. Although sulfanilamide is an an
timicrobial agent, it is not an antibiotic because it is 
not produced by a microorganism.) In 1944, Selman 
Waksman and his colleagues isolated streptomycin 
(the first antituberculosis drug) and subsequently 
discovered antibiotics such as chloramphenicol, tet
racycline, and erythromycin in soil samples. It was 
Waksman who first used the term "antibiotic. • For 
their outstanding contributions to medicine, these 
Investigators-Ehrlich, Fleming, Florey, Chain, Waks
man, and Domagk-were all Nobel Prize recipients at 
various times. 

Unfortunately, most antimicrobial agents have some side 
effects, produce allergic reactions, or permit development 
of resistant mutant pathogens. 

HOW ANTIMICROBIAL AGENTS WORK 

To be acceptable, an antimicrobial agent must inhibit or 
destroy the pathogen without damaging the host (i.e., the 
infected person). To accomplish this, the agent must target 
a metabolic process or structure possessed by the pathogen 
but not possessed by the host. 

The five most common mechanisms of action of anti
microbial agents are as follows: 

• Inhibition of cell wall synthesis 
• Damage to cell membranes 
• Inhibition of nucleic acid synthesis (either DNA or 

RNA synthesis) 
• Inhibition of protein synthesis 
• Inhibition of enzyme activity 

ANTIBACTERIAL AGENTS 

Sulfonamide drugs inhibit production of folic acid (a vi
tamin) in those bacteria that require p-aminobenzoic acid 
(PABA) to synthesize folic acid. Because the sulfonamide 
molecule is similar in shape to the PABA molecule, bac
teria attempt to metabolize sulfonamide to produce folic 
acid (Fig. 9-3). However, the enzymes that convert PABA 
to folic acid cannot produce folic r--------,. 

acid from the sulfonamide mole- Bacteriostatic drugs 
cule. Without folic acid, bacteria inhibit growth of 
cannot produce certain essential bacteria, whereas 
proteins and finally die. Sulfa drugs, ~ctericid_al agents 

therefore, are called competitive '-kill bactena. 
inhibitors, that is, they inhibit 

' _, 

growth of microorganisms by competing with an enzyme 
required to produce an essential metabolite. Sulfa drugs are 
bllCterUJst:atic, meaning that they inhibit growth of bacteria 
(as opposed to a btKtericiJal agent, which kills bacteria). 
Cells of humans and animals do not synthesize folic acid 
from PABA; they get folic acid from the food they eat. 
Consequently, they are unaffected by sulfa drugs. 

In most Gram-positive bacteria, including streptococci 
and staphylococci, penicillin interferes with the synthesis 
and cross-linking of peptidoglycan, a component of bacterial 
cell walls. Thus, by inhibiting cell wall synthesis, penicillin 
destroys the bacteria. Why doesn't penicillin also destroy 
human cells? Because human cells do not have cell walls. 

There are other antimicrobial agentot that have a sim
ilar action; they inhibit a specific step that is essential to 

STUDY AID 
Spelling Tip 

Note that the word bacteriostatic 
contains an Mo," whereas the word 
bactertcldal does not. 
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A r . y" ~cackf J 
NH2 ~ 

PABA 

Dlhydropteroate 
synthetase 

Q~~Non_metabo_..lite J 

NH2 

Sulfanilamide 

Figure 8-3. The effect of sulfonamide drugs (see text for 
details). 

the microorganis~ ~ metabo~m r Narrow-spectrum 1 

and, thereby, cause U:s desttuctlon. antibiotics kill either 
Antibiotics such as vancomycin, Gram-positive or 
which destroys only Gram-pos- Gram-negative 
itive bacteria, and colistin and bacteria, whereas 
nalidixic acid, which destroy broad-spectrum 
only Gram-negative bacteria, are antibiotics kill both 
referred to as na'rl"tYW-spectrum Gram posHives and 
tmtibWtia. Those that destroy both .._ Gram negatives. 
Gram-positive and Gram-negative 
bacteria are called broad-spettrum antibiotics. Examples of 
broad-spectrum antibiotics are cefttiaxone, Ievofl.o:xacin, 
and tetracycline. Tables 9-1 and 9-2 contain information 
about some of the antimicrobial drugs most &equendy 
used to treat bacterial infections. 

Antimicrobial agents work well against bacterial patho
gens because the bacteria (being prokaryotic) have different 
cellular structures and metabolic pathways that can be 
disrupted or destroyed by drugs that do not damage the 
eulwyotic host's cells. As mentioned earlier, bactericidal 
agents kill bacteria, whereas bacteriostatic agents stop them 

Antibacterial Agents Listed by Class or Category 

Clasii/Category Deecription/Source 

Penicillin~ 

Cephalosporin!t' 

Monobactam• 

Carbapenem!t' 

Naturally occurring penicillins; produced 
by moulds In the genus Penic#lium 

Semisynthetic penicillins: broad· 
spectrum amlnopenlcllllns 

Semisynthetic penicillins: 
penicillinase-resistant penicillins 

Penicillin plus jJ-Iactamase inhibitor 

Derivatives of fermentation products 
of the mould, Cephalosporium aCf9-
monium {now called Acremonium 
strictum) 

Cephalosporin plus jJ-Iactamase 
lnhlbHor 

Synthetic drug 

lmipenem is a semisynthetic derivative 
of thienamycin, produced by Strep
tomyces spp. 

Examples of Antibacterial Agents within the Clan 
or Category 

Benzylpenicillin (penicillin G), phenoxymethyl penicillin 
(penicillin V) 

Amoxlclllln, ampicillin 

Cloxacillin, dicloxacillin, methicillin, nafcillin, oxacillin 

Amoxicillin-clawlanic acid (Augmentin), ampicillin-sulbacfllm (Un
asyn), piperacillin-tazobactam (Zosyn) 

Narrow-spectrum (first-generation) cephalosporins: cefadroxil, 
cefazolin, cephalexin, cephalothin, cephradine; first-generation 
cephalosporins have good activity against Gram-positive bacte· 
ria and relatively modest activity against Gram-negative bacteria 

Expanded-spectrum (second-generation) cephalosporins: cefaclor, 
cefuroxime, cefprozil, loracarbef; second-generation cephalo
sporfns have Increased activity against Gram-negative bactena 

Cephamycins (second-generation cephalosporins): cefotetan, cefoxitin 
Broad-spectrum (third-generation) cephalosporfns: cefdlnlr. cefdltoren, 

ceflxlme, cefoperazone, cefotaldme, cefpodoxfme, ceftlbuten, 
oeftizoxlme, ceftrlaxone; third-generation cephalosporfns are less 
active against Gram-positive bacteria than first- and second-gen
eration cephalosporin a but are more active against members of 
the Enterobacteriaceae family and Pseudomonas af31Uginosa 

Extended-spectrum (fourth-generation) cephalosporins: cefepime; 
fourth-generation cephalosporins have incraased activity 
against Gram-negative bacteria 

Ceftolozane-tazobactam (active against multidrug-resis-
tant Pseudomonas}, ceftazidime-evibactam (active against 
carbapenem-resistant Enterobacteriaceae) 

Aztreonam 

Ertapenem, imipenem. meropenem, doripenem 

(continued) 
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Antibacterial Agents Listed by Class or Category (continued) 

Clan/Category Deecription/Source 
Aminocyclitol 
Amlnoglycosldes 

Rifamycins 

Fluoroquinolones 

Macrolides 

Tetracyclines 

Glycylcycline 

Lincosamides 

Glycopeptide 
Streptogramin 
Oxazolidinone 
Lipopeptide 
Sulfonamides 

TMP 
Polypeptides 

Chloramphenicol 

Nttrolmldazoles 
Nitrofurantoin 
Fosfornycin 

Produced by Streptomyces spectabilis 
Naturally occurring antibiotics or aeml

synthslic derivatives from Micromono
spora app. or Streptomyces spp. 

Semisynthetic antibiotics derived from 
compounds produced by Strepto
myces mediterranei 

Synthetic drugs 

Erythromycin is produced by Sttepto
myces erythraeus; the others are 
natural analogs of erythromycin or 
semisynthetic antibiotics 

Tetracycline Is produced by Strep
tomyces rfmosus; the others are 
semisynthetic antibiotics 

Third-generation tetracycline 

Lincomycin was initially isolated from 
Streptomyces lincolnensis; clinda
mycin is a semisynthetic antibiotic 

Produced by Streptomycas orienta/is 
Produced by Streptomyces spp. 
Synthetic drug 
Produced by Sttsptomyces roseosporus 
Synthetic drugs derived from 

sulfanilamide 

Synthetic drug 
Originally derived from Bacillus polymyxa. 
Originally isolated from Bsci/lus li-

chenfformis (formerly named Bacil
lus subtilis) 

Originally produced by Streptomyces 
venezuelae 

Synthetic drug 
Synthetic drug 
Originally produced by Streptomyces spp. 

"1}-L.actam antibiotic$ ij.e., an11bl011c. •hat contain a ~lacwn ring). 

Examplee of Antibacterial Agenta within the cr ... 
or Category 
Spectinornycin, trospectinomycin 
Amlkacln, gentamicin, kanamycin, neomycin, netllmlcln, 

paromomycin, sisomicin, streptomycin, tobramycin 

Rifampin (rifampicin), rifabutin, rifaximin 

Ciprofloxacin, gatifloxacin, gemifloxacin. levofloxacin, lomefloxacin, 
moxtfloxacln 

Azithromycin, clarithromycin, erythromycin 

Doxycycline, mlnocycllne, tetracycline 

Tigecycline (broad activity against Gram-positive and 
Gram-negative bacteria but not against Pseudomonas) 

Clindarnycin 

Vancomycin 
Quinupristin-dalfopristin 
Unezolid, tedizolid 
Daptomycin 
Sulfadiazine, sulfasalazine, sulfamethoxazole (SMX), sulfisoxazole, 

trimethoprim-sulfamethoxazole (TMP-SMX or co-trimoxazole), 
trisulfapyrimidine (triple sulfa) 

Used alone or in combination with SMX 
Polymyxins: polymyxin B, polymyxin E (colistin) 
Bacitracin 

Broad activity but rarely used because of the potential for senous 
side effects 

Metronidazole, tlnldazole 
Used only for treatment of lower urinary tract infections 
Used only for treatment of lower urinary tract infections 

lnformaflon Source: Yao JDC, Moellering RC Jr. Antibacterial agents. In: Murray PR, et al, ecb. Manual of Cllnlc41 Mlctoblology. 9th ed. Washington, 
DC: ASM Prau; 2007. 

from growing and dividing. Bacteriost2tic agents should be 
used only in patients whose host defense mechanisms (see 
Chapters 15 and 16) are functioning properly (i.e., only in 
patients whose bodies are capable of killing the pathogen 
once its multiplication is stopped). Bacteriostatic agents 
should not be used in immunosuppressed or leukopenic 
patients (patients having an abnormally low number of 
white blood cells) because the host defense mechanisms of 
such patients would be unable to eliminate the nongrowing 
bacteria. Some of the mechanisms by which antibacterial 
agents kill or inhibit bacteria are presented in Table 9-2. 

Vutually all of the antibacterial agents currently available 
either kill bacteria or inhibit their growth. Researchers are 
attempting to develop antibacterial agents that target bacterial 

virulence factots, rather than targeting the pathogens them
selves. Bacterial virulence factors include various harmful 
substances, such as t:oxins and enzymes, produced by bacteria. 
VIrulence factors are discussed in detail in Chapter 14. 

Some Major categories of Antibacterial Agents 

Panlcllllns 
Penicillins :are referred to as P-lactam drugs because their 
molecular structure includes a four-sided ring structure 
known as a P-lactam ring (shown in Fig. 9-4).d Penicillins 
interfere with the synthesis of bacterial cell walls and have 
maximum effect on bacteria that are actively dividing. They 
are bactericidal drugs. Penicillin G and penicillin V are 



Antibacterial Agents Listed by Mechanism of Action 

Mode of Action Agent SpectNm of Activity Baclericiclal or Bacteriostatic 

Inhibition of cell wall Aztreonam Gram-negative bacteria Bactericidal 
synthesis 

Bacitracin (also disrupts cell Broad spectrunt Bactericidal 
membranes) 

Cartlapenem Broad spectrum Bactericidal 
Cephalosporins Broad spectrum Bactericidal 
Cartlapenems Broad spectrum Bactericidal 
Fosfomycin Broad spectrum Bactericidal 
Penicillins and 881'Tlisynthetic Broad spectrum Bactericidal 

penicillins 
Vancomycin Gram-positive bacteria Bactericidal 

Inhibition of protein Aminoglycosides Primarily Gram-negative bacteria Bactericidal 
synthesis and S. sureus; not effective 

against anaerobes 
Chloramphenicol Broad spectrum Bacteriostatic 
Clindamycin Most Gram-positive bacteria and Bacteriostatic or bactericidal, 

some Gram-negative bacteria; depending upon drug concen-
highly active against anaerobes tration and bacterial species 

Erythromycin and other Most Gram-positive bacteria and Bacteriostatic (usually}; bacteri-
macrolides some Gram-negative bacteria cidal at higher concentrations 

Linezolid Gram-positive bacteria Bacteriostatic 
Mupirocin Broad spectrum Bacteriostatic 
Streptogramins Primarily Gram-positive bacteria Bactericidal 
Tetracyclines Broad-spectrum and some intracel- Bacteriostatic 

lular bacterial pathogens 
Inhibition of nucleic Rifampin Gram-positive and some Gram-neg- Bactericidal 

acid synthesis ative bacteria (e.g., Neisseria 
menfnglt/dfs) 

Qulnolones and fluoroqulno- Broad spectrum Bactericidal 
Iones (e.g., clprofloxacln, 
levofloxacln, moxlfloxacln) 

Destruction of DNA Metronidazole Effective against anaerobes Bactericidal 
Disruption of cell Polymyxin B and polymyxin Gram-negative bacteria Bactericidal 

membranes E (colistin) 
Daptomycln Gram-positive bacteria Bactericidal 

Inhibition of enzyme Sulfonamldes Primarily Gram-positive bacteria and Bacteriostatic 
activity some Gram-negative bacteria 

Tlfmethoprlm Gram-positive and many Gram-neg- Bacteriostatic 
ative bacteria 

•Effacttw against both Gram-positive and Gram-negative bee'terla, but spectrUm may vary wtth the lndMdual antimicrobial agent. 

referred to as '1llltll.riiJ penicillins because they are produced 
and can be purified directly from cultures of Penicillium 
moulds. Natural penicillins are effective against some 
Gram-positive bacteria (especially Streptocot:t:us spp.), some 
anaerobic bacteria, and some spirochetes. A few Gram
negative bacteria (e.g., Neisseria mmingitidis and some 
strains of H~bi/us injlumzae) remain susceptible to 
natural penicillins. By modifying side chains on the peni
cillin molecule, the pharmaceutical industry has extended 
the antibacterial activity of the antibiotic to include other 
Gram-negative bacteria. 

li'fhe symbol "P" is the Greek letter "beta."The complete Greek 
alphabet can be found in Appendix D. 

Cephalosporlns 
The cephalosporins are also P-l.actam. antibiotics and, like 
penicillin, are produced by moulds. Also, like penicillins, 
cephalosporin& interfere with cell wall synthesis and are bac
tericidal. The cephalosporins are classified as first-generation, 
second-generation, third-generation, fuurth.-generation, 
and bfth.-generation cephalosporins. The first-generation 
agents are active primarily against Gram-positive bacteria. 
Second-generation cephalosporins have increased activity 
against Gram-negative bacteria, and third-generation 
cephalosporins have even greater activity against Gram 
negatives (including P~ aeruginosa). Cefepime is an 
example of a fuurth-generation cephalosporin with activity 
against both Gram positives and Gram negatives, including 
P. aeruginosa. Ceftaroline is a fifth-generation cephalosporin 
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Rgure 9-4. Sites of P·lactamaee aHack an penicillin, ceph· 
alosporin, and carbapenem molecules (see text for details}. 

that has expanded activity against aerobic Gram-positive 
cocci, including methicillin-resistant Staphy'l«:rJr:cus aureus 
(MRS A) and methicillin-resistant Suphylococcus epidermidis 
(MRSE). Its activity against aerobic Gram-negative bacteria 
mimics that of the third-generation cephalosporins. 

cartapenems 
Carbapenems, including im.ipenem and meropenem, are 
among the most powerful antibacterial agents in use tnday. 
They also include a ~lactam ring (Fig. 9-4). Carbapenems 
inhibit cell wall synthesis and have excellent activity against 

a broad spectrum of bacteria, including many aerobic 
Gram-posi~ bacteria, most aerobic Gum-negative bacteria, 
and most anaerobes. Carbapenems have been considered the 
"antibiotics of last resortt because of their activity against 
Gram-negative bacteria that have developed resistance to 
many different antimicrobial agents. Unfortunately. bacteria 
are beginning to develop resistance to the carbapenems. 
H Klebsiella or EnUrobtKter spp. become resistant to the 
carbapenems, they are referred to as carbapenem-resistant 
Enterobacteriaceae (CRE). Because these organisms are 
also resistant to many other antibiotics, there is a significant 
effort by the Centers for Disease Control and Prevention 
(CDC) to limit their spread in health care facilities (Fig. 9-5). 

Glycopaptldls 
Glycopeptides, including vancomycin, also target the 
bacterial cell wall. They have excellent activity against 
most aerobic and anaerobic Gram-positive bacteria, but 
have no activity against most Gram-negative bacteria. 
Unfortunately, these popular drugs have several drawbacks. 
Bacteria, especially enterococci, are becoming resistant to 
these drugs, and they have a nwnber of roxie side effects. 
When enterococci become resistant to vancomycin, they 
are referred to as vancomycin-resistant enterococci (VRE). 

Tatracycllnas 
Tetracyclines are broad-spectrum drugs that exert their 
effe<:t by targeting bacterial ribosomes and thereby halting 
protein synthesis. They are bacteriostatic. Tetracyclines 
are effective against a wide variety of bacteria, including 
chlamydias, mycoplasmas, rickettsias, Vibrio choleme, and 
spirochetes, such as BMTelill spp. and Treponema pallidum. 

Amlnoglycosldas 
Aminoglycosides are bactericidal broad-spectrum drugs that 
also inhibit bacterial protein synthesis. The major factor that 
limits their use is their toxicity. Aminoglycosides are effective 
against a wide variety of aerobic Gram-negative bacteria, 
but are ineffective against anaerobes. They are used 1D treat 
infections with members of the family Enterobacteriaceae 
(e.g., Ercherkbill coli and Enteroblletffr, Kkbsiellll, Proteus, Ser
nltill, and Yminill spp.), as well asP. aeruginosa and V. cholmle. 

Macrolldes 
Macrolides inhibit protein synthesis. They are considered 
bacteriostatic at lower doses and bactericidal at higher doses. 
The m.acrolides include erythromycin, clarithromycin, 
and azithromycin. They are effective against chlamydias, 
mycoplasmas, T. pallidum, H. injiuenzlle, and Legion ella spp. 

Fluoroquinolones 
Fluoroquinolones are bactericidal drugs that inhibit DNA 
synthesis. The most commonly used B.uoroquinolone, 
ciprofl.oxacin, is often effective against members of the 
family Enterobacteriaceae and P. tJerUginosa. Levofio:ncin 
and moxifloncin are broad-spectrum agents with activity 
against both Gram-positive and Gram-negative bacteria. 
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Mullldrug Thenpy 
In some cases. a single antimicrobial agent is not sufficient 
to destroy all the pathogens that develop during the course 
of a disease; thus, two or more drugs may be used simul
taneously to kill all the pathogens and to prevent resistant 
mutant pathogens from emerging. In tuberculosis, for 
example, in which multidrug-resistant (MDR) strains of 
Myeobacuritltm tuhercu/6sis are frequendy encountered. four 
drugs-isoniazid, ri&mpin. pyrazinamide. and ethambu
tol-are routinely prescribed, and as many as 12 drugs may 
be required for especially resistant strains (see Table 9-3 
for :mtimycobacterial agents). 

Synergism versus Antagonism 
,.-- -, The use of two antimicrobial 

agents to treat an infectious 
disease sometimes produces a 
degree of pathogen killing that is 
far greater than that achieved by 
either drug alone. This is .known 
as synergism. Synergism is a good 
thing! Many urinary, respiratory, and 
gasttointest:inal infections respond 
particularly well to a combination 

J ofttimethoprim and sulfamethox
azole, a combination referred to as 

co-trimoxazole; brand names include Bactrim. and Septta. 

There are situations, however, r 
when two drugs are prescribed 
(perhaps by two different clinicians 
who are treating the patient's in
fection) that actually work against 
each other. This is known as an
tagcmism. The extent of pathogen 
killing is less than that achieved 
by either drug alone . .Antagonism 
is a bad thing! 

ANTIMYCOBACTERIAL AGENTS 

The mycobacteria, such as M. t:ube'l't'ldfJSis, are prokaryotic 
organisms, but because of their slow growth rate and 
high lipid content in their cell walls, they often require 
different antibiotics for treatment. Table 9-3 lists some of 
the pathogenic mycobacteria and the agents used to treat 
mycobacterial infections. As mentioned earlier. multidrug 
therapy is often ne<:essary to eliminate the organisms. 

ANTIFUNGAL AGENTS 

It is much more difficult to use antimicrobial drugs against 
fungal and protozoal pathogens because they are euka:ryotic 
cells; thus, the drugs tend to be more toxic to the patient. 
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Antimycobacterial Agents 

Organisms 

Mycobacterium tuben:u/0$/s (Mtb) 
Drug-resistant Mtb 
Mycobacterium avlum-Mycobacterlum lnttacellulare complex 
Mycobacterium abscessus 
Mycobacterium fortu/tum 
Mycobacterium haemophllum 
Mycobacterium kansas!/ 
Mycobacterium malinum 
Mycobacterium feprae 

Drug .. Ul8d to treat 

Rlfampln, Isoniazid, pyrazinamide, ethambutol (RIPE) 
RIPE + tluoroqulnolone, amlkacln, capreomycln 
Clartthromycln, ethambutol, rlfampln, rlfabutfn 
Clartthromycln, amlkacln, lmlpenem, cefoxltfn, tlgecycllne 
Amlkacln, cefoxltln, probenecid, trfmethoprlm-sulfamethoxazole 
Clartthromycln, rlfabutln 
Isoniazid, rlfampln, ethambutol 
SurgetY Is recommended 
Dapsone, rlfampln 

"Thl$ Information 18 provided tdely to acquaint reader$ of thlt book wtth the namet of $0me antlmycobactettalaQentt and $h0uld not be conatrued 
as advice regan:llng recommended therapy. 

Most antifungal agents work in one of the following three 
ways: 

• By binding with cell membrane sterols (e.g., nystatin 
and amphotericin B) 

• By interfering with sterol synthesis (e.g., azoles such 

Antifungal and antl
parasHic drugs tend 
to be more toxic to 
the patient because, 
like the infected 
human, they are eu
karyotic organisms. 

- .J 

as fluconazole, clotrimazole, and 
miconazole; echinocan.dins such 
as micafungin and caspofungin) 
• By blocking mitosis or nucleic 

acid synthesis (e.g., griseofulvin 
and 5-flucytosine) 

Examples of antifungal agents 
are given in Table 9-4. 

ANTIPARASITIC AGENTS 

Antiparasitic drugs are usually quite toxic to the host and 
work by(a) interfering with DNA and RNA synthesis (e.g., 
chloroquine, pentamidine, and quinacrine) or (b) interfering 

Antifungal Agents 

with metabolism (e.g., metronidazole; brand name Flagyl). 
Table 9-Slists several antiparasitic drugs and the diseases 
they are used to treat. 

ANTIVIRAL AGENTS 

Antiviral agents are the newest weapons in antimicrobial 
methodology. Until the 1960s, there were no drugs for the 
treatment of viral diseases. Antivinl agents are particularly 
difficult to develop and use because viruses are produced 
within host cells, but, as can be seen in Table 9-6, quite a 
few drugs have been found to be effective in certain viral 
infections. 

The first antiviral agent effective against human immu
nodeficiency virus (HIV) (the causative agent of acquired 
immune deficiency syndrome or acquired immunodefi
ciency syndrome [AIDS])-zidovudine (also known as 
azidothymidine)-was introduced in 1987. A variety of 
additional drugs for the treatment of HIV infection were 
introduced subsequently. Certain of these antiviral agents 

Fungal Dlsaasa(s) That 1ha Drug Is Used to 'D'eat 

Amphotericin B 

Atovaquone 
Echinocandins 
Fluconazole 

Flucytosine 
Griseofulvin 
ltraconazole 

Terbinafine 
Trimethoprim-6ulfamethoxazole 
Voriconazole 

Aspergillosis, blastomycosis, invasive candidiasis, coccidioidomycosis, cryptococcosis, fusa
riosis, histoplasmosis, muconnycosis, paracoccidioidomycosis, systemic sporotrichosis 

Pneumocystis pneumonia 
Aspergillosis, candidiasis 
Blastomycosis; oropharyngeal, esophageal, and invasive candidiasis; coccidioidomycosis, 

cryptococcosis, fusariosis, histoplasmosis, sporotrichosis 
ayptococoosis 
Dennatomycosis Qesa toxic drugs are available, however) 
Aspergillosis, blastomycosis, invasive candidiasis, coccidioidomycosis, cryptococcosis, his

toplasmosis, paracoccidioidomycosis, penicilliosis, pseudalleschariasis, soedosporiosis, 
cutaneous or systemic sporotrichosis 

Pneumocystis pneumonia 
Aspergillosis, invasive candidiasis, sctldosporiosis 

Dermatomycosis I 
'---------------------------------------------------------------------------------·/ 

"Thit information is provided solely to acquaint readers of this bOOk with the namet of aome antifungal agenta and should not be conetrued as advice 
regarding 19C0mmended thempy. 



Antiparasitic Agents 

Parasitic Dieeaeea 

Primary amebic meningoencephalitis 
Amebiasis 

Drug(s) Ueed to 1\'ea~ 

Amphoteracin B 

African trypanosomiasis (with or without CNS involvement) 
American trypanosomiasis (Chagas disease) 

Paromomycin, metronidazole, tinidazole 
Pentamidine, suramin, eflomithine 
Benznidazole, nifurtimox 

Babesiosis 
Balantidiosis 
Cryptosporidiosis 
Cyclosporiasis 
Cystoisosporiasis 
Dientamoeba infection 
Giardiasis 
Leishmaniasis (cutaneous) 
Leishmaniasis (mucocutaneous) 
Leishmaniasis (visceral) 
Malaria (non-chloroquine resistant) 
Malaria (chloroquine resistant) 
Toxoplasmosis 
Nematode infection (ascariasis, trichuriasis) 
Trematode infection (schistosomiasis) 
Cestode infection (tapeworms) 

Atovaquone, azithromycin 
Tetracycline, metronidazole 
Nitazoxanide 
Trimethoprim-sulfamethoxazole 
Trimethoprim-sulfamethoxazole 
lodoquinol, paromomycin, metronidazole 
Tinidazole, nitazoxanide, metronidazole, paromomycin 
Paromomycin, miltefosine 
Pentavalent antimony, liposomal amphotericin B 
Liposomal amphotericin B, miltefoaine 
Chloroquine 
Malarone, doxycycline, mefloquine 
Pyrimethamine, spiramycin, sulfadiazine, folinic acid 
Albendazole, mebendazole 
Praziquantel, albendazole 
Praziquantel, niclosamide 

"This lnforrnatSon Is provided solely to acquaint the reader wtth the names af some a.nllparasltlc 8f:Jents and should not be construed as advice 
regarding recommended 1tlerapy. 

CNS, central nervous system. 

are administered sim.ultaneouslys in combinations referred 
to as "cocktails." Unfortunatelys such cocktails are quite 
expensive, have significant side effects, and some strains of 
lllV have become resistant to some of the drugs. Recently, 
combinations of agents have been incorporated into single 
pills taken once daily that simplify treatment of HIY. 

DRUG RESISTANCE 

"Superbugs" 
These days, it is quite common to hear about drug-resistant 
bacteria, or "superbugs," as they have been labeled by 

Antiviral Agents 

VIrus/VIral lnfactlon(s) 

Herpes simplex infections 

Influenza virus types A and B 
Hepatitis B virus 
Hepatitis C virus 

Human cytomegalovirus 
Varicella-Zoster virus 
HIV: nucleosidalnucleotide analog reverse 

transcriptase inhibitors 
HIV: non-nucleoside reverse transcriptase 

inhibitors 

Antiviral Agemsa 

Acyclovir, cidofovir, famciclovir, foscarnet, ganciclovir, penciclovir, trifluridine, 
valacyclovir, valganciclovir 

Oseltamivir, peramivir, zanamivir 
Adefovir, entecavir, peginterferon a-2a, tenofovir 
Daclatasir, dadabuvir, peginterferon a-2a,ledipasvir, ombitaavir, paritaprevir, 

ribavirin, simeprevir, sofosbuvir 
Cidofovir, foscarnet, ganciclovir, valganciclovir 
Acyclovir, cidofovir, famciclovir, foscarnet, ganciclovir, valacyclovir, valganciclovir 
Abacavir, didanosine, erntricitabine, lamivudine, stavudine, tenofovir, zalcitabine, 

zidovudine (Air or ZDV) 
Delavirdine, efavirenz, etravirine, nevirapine 

Amprenavir, atazanavir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir 
Enfuvirtide 
Ra!tegravir 
Cidofovir 

HIV: protease inhibitors 
HIV: fusion inhibitor 
HIV: integrase inhibitor 
JC polyomavirus (PML) 
'----------------------------------------------------------------------------------------/ 

*This information is provided solely to acquaint 1he reader with the names of aome antMral agents and should nat be construed as advice regarding 
rvcommended therapy. 

PML, progr868ive multifocalleukoencephalopathy. 
Modlfted 11om Harvey RA, et al. Uppfncott'$/1/u$tlated RevieW$: Mlctoblology. 3n:l eel. Philadelphia, PA: Upplncott William a & Wilkin a; 2013. 
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the press (Fig. 9-6). Although "superbug" can refer to an 
orpnism that is resistant to only one antimicrobial agent, 
the term usually refers to multidrug-resistant organisms 
(MDROs) (i.e., organisms that are resistant to more than 
one entire class of antimicrobial agent). Infections caused 
by superbugs are much more difficult to treat. Especially 
troublesome superbugs are listed in Table 9-7. 

It is important to note that 
bacteria are not the only microbes Although the term 
that have developed resistance to supetbug most of-

ten refers to MDR 
drugs. Certain viruses (including bacteria. other types 
~ he~s simplex ~es, and of microbes (e.g., 
influenza VU11Ses), fung~ (both yeasts viruses, fungi, and 
and moulds), parasitic protozoa, protozoa) have also I 
and helminths have also devel- become MDR. 
oped resistance to drugs. Parasitic "- - ' 
protozoa that have become drug resist2nt include strains 
of PltJmwdium fllkiparum, Trkbqm(lll#fvaginalis, Leishmania 
spp., and Giardia inustintzlis. 

How Bacteria Become Resistant to Dnags 
How do bacteria become resist:mt to antimicrobial agents? 
Some bacteria are naturally resistant to a particular anti
microbial agent because they lack the specific target site 
for that drug (e.g., mycoplasmas have no cell walls and 
are, therefore, resistant to any drugs that interfere with 
cell wall synthesis). Other bacteria are naturally resistant 
because the drug is unable to cross the organism's cell 
wall or cell membrane and thus cannot reach its site 
of action (e.g., ribosomes). Such resistance is known as 
intrinsic reristtmce. 

It is also possible for bacteria that were once susceptible 
to a particular drug to become resistant to it; this is called 

Figure ,... Fictitious caution sign. This sign warns those 
who are about to enter that hospitals are notorious havens for 
mullidrug-resistant microb88 ("superbugs"). (Provided by Dr. Pat 
Hidy and Biomed Ed, Round Rock, TX.) 

acquired ruimmce. Bacteria usually acquire resistance to 
antibiotics and other antimicrobial agents by one of four 
mechanisms, each of which is listed in Table 9-8 and briefly 
described as follows: 

• Many antibiotics, such as the penicillins and cephalo
sporins, act to block the synthesis of the bacterial cell 
wall by preventing the cross-linking of peptidoglycan. 
In order to do this, the antibiotic must first bind (attach) 
to proteins in the cell wall; these protein molecules are 
called drug-binding sites. A chromosomal mutation can 
result in an alteration in the structure of the drug-binding 
site, so that the drug is no longer able to bind. H the drug 
cannot bind to the cell, it cannot block the cross-linking 
of the cell wall, and the organism is, therefore, resistant 
to the drug. 

• To enter a bacterial cell, a drug must be able to pass 
through the cell wall and cell membrane. A chromosomal 
mutation can result in an alteration in the structure 
of the cell membrane, which, in tum, can change the 
permeability of the membrane. If the drug is no longer 
able to pass through the cell membrane, it cannot reach 
its target (e.g., a ribosome or the DNA of the cell), and 
the organism is now resistant to the drug. Often, this 
occurs with mutations to the proteins that make up 
porin channels through which the antibiotic crosses 
the cell membrane. These resistance factors are called 
porin mutants. 

• Another way in which bacteria become resistant to a 
certain drug is by developing the ability to produce an 
enzyme that destroys or inactivates the drug. Because 
enzymes are coded for by genes, a bacterial cell would 
have to acquire a new gene for the cell to be able to 
produce an enzyme that it never before produced. The 
primary way in which bacteria acquire new genes is by 
conjugation (see Chapter 7). Often, a plasmid contain
ing such a gene is transferred from one bacterial cell 
(the donor cell) to another bacterial cell (the recipient 
cell) during conjugation. For example, many bacteria 
have become resistant to penicillin because they have 
acquired the gene for penicillinase production during 
conjugation. (Penicillinase is described in the following 
section.) A plasmid containing multiple genes for drug 
resistance is called a resi.rttmce factqr (R.-&ctor). A recip
ient cell that receives an R-&.ctor becomes MDR (i.e., 
it becomes a superbug). Bacteria can also acquire new 
genes by transduction (whereby bacteriophages carry 
bacterial DNA from one bacterial cell to another) and 
transfonnation (the uptake of naked DNA from the 
environment). (Thmsduction and transformation were 
discussed in Chapter 7 .) 

• A fourth way in which bacteria become resistant to drugs 
is by developing the ability to produce MDR pumps (also 
known asMDR transporters or efBuxpumps).AnMDR 
pump enables the cell to pump drugs out of the cell 
before the drugs can damage or kill the cell. The genes 
encoding these pumps are often located on plasmids that 
bacteria receive during conjugation. Bacteria receiving 



Especially Troublesome ''Superbugs" 

Bacteria 

MRSA and MRSE (Fig. 9-7) 

Streptococcus pyogenes 
and Streptococcus 
pneumoniae 

vancomycin-resistant 
Enterococcus spp. (VRE) 

P. aeruglnosa 

Clostrldlum dlfflcllff 

Acinetobactsr baumsnnii 

Klebsiella pneumoniae {KPC 
orCRE) 

Multldrug-reslstant 
M. tubeteulosls 
(MDR-TB) 

Multidrug-resistant strains 
of Burkholderia cepacia, 
Eschelfchfa col/, Neisseria 
gonorrhoeae, Ralston/a 
plckettil, Salmonella spp., 
Shigella spp., and Steno
trophomonss maJt.ophilis 

Diecueeion 

These strains are resistant to all antlstaphylococcal drugs except vancomycin and several recently 
developed drugs (e.g., llnezolld, tlgecycllne, qulnuprlstln~alfoprlstln, daptomycln, ceftarollne}. 
Some strains of Streptococcus sureus, called vancomycin-intennediate S. aureus (VISA), have 
developed resistance to the usual dosages of vancomycin, necessitating the use of higher 
doses to treat infections caused by these organisms. Recently, strains of S. aureus (called 
vancomycin-resistantS. aureus or VRSA strains) have been isolated that are resistant to even 
the highest practical doses of vancomycin. S. aureus is a very common cause of health care
associated Infections- (Fig. 9-7). Streptococcus epiderm/dis Is not as virulent or versatile asS. 
aureus, but this organism does cause many hospital-associated Infections {especially urinary 
tract Infections and Infections associated with foreign obJects, such as Intravenous catheters, 
prosthetic heart valves, and prosthetic joints). Most strains of S. epidannidis are resistant to 
penicillin, and many strains are resistant to the antistaphylococcal penicillins. 

S. pyogenes and S. pneumonlae are very Important human pathogens In that they cause a wide 
variety of infectious diseases. Strains of S. pyogenes that are resistant to macrolide antibiotics 
have emerged, but fortunately, all strains of S. pyogenes remain susceptible to penicillin. The 
same is not true for S. pneumoniae. Many strains of S. pneumoniae have developed resistance 
to penicillin and other P-lactam antibiotics. 

These strains are resistant to most antienterococcal drugs, including ampicillin. penicillin, and 
vancomycin. Enterococcus spp. are common causes of health care-associated infections, es
pecially urinary tract Infections. 

P. aeruglnO!UJ Infections are very common and especially dlfflcult to treat. Strains of P. aeruglnosa 
have a variety of resistance mechanisms, Including a relatively lmpenneable outer membrane 
and multiple efflux pumps. Aminopenicillins, macrolides, and most cephalosporins are ineffec
tive against P. aeruginosa. 

C. dlfflclfe Is a maJor cause of hospital-associated dlanheal disease. Strains of C. dlfflclfe have be
come resistant to clindarnycin, ciproftoxacin, and levofloxacin. 

Infections caused by multidrug-resistant strains of A. baumannii were first reported in military per
sonnel injured in Iraq and Afghanistan. These strains have spread within health care facilities 
throughout the United States. Some strains were resistant to all drugs tested. 

Carbapenemase-produclng strains of K. pneumon/ae produce a jJ-Iactamase that destroys peni
cillins, cephalosporfns, aztreonam, carbapenems, and other antibiotics. 

MDR-lB strains are resistant to the two most effective flrst-llne therapeutic drugs-Isoniazid 
and rlfarnpln. Extensively drug-resistant strains, called XDR-TB, ant also resistant to the most 
effective second-line therapeutic drugs-fluoroquinolones and at least one of the following: 
amikacin, kanamycin, and capreornycin. Some drug-resistant strains of M. tubeteufosis are 
resistant to all antitubercular drugs and combinations of these drugs. Patients infected with 
these strains may require removal of a lung or section of a lung-just as in the preantibiotic 
days-and many will die. Tuberculosis remains one of the ma;or killers worldwide. 

"The term health CIJI'tMISSOC/sllnfectfons refers to Inflictions acquired by Individuals while they are hosplmllzad or whhln 01her type a of health care 
fac:llhles. Health c:are-essoclated Infections are discussed In detail In Chapter 12. 

•It has been proposed that this organism be renamed Cfostddloldes dlfflclle. 
MRSA, methicillin-resistant SttJp/lylococcus aut'el.ls; MRSE, melhlclllln-f6SIS1ant Staphytococcus epldelmldls. 

"'I such plasmids become MDR 
(i.e., they become resistant 
to several drugs). 

Bacteria can acquire re
sistance to antimicrobial 
agents as a result of chro
mosomal mutation or the 
acquisition of new genes by 
transduction, transforma
tion, and, most commonly, _.1 
conJugation. • 

Thus, bacteria can acquire 
resistance to antimicrobial 
agents as a result of chro
mosomal mutation or the 
acquisition of new genes 

by transduction, transformation, and, most commonly, 
conjugation. 

~-Lactamases 

At the heart of every penicillin and cephalosporin molecule 
is a double-ringed structure, which in penicillins resembles 
a "house and garage" (see Fig. 9-4). 
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Mechanism 

A chromosomal mutation that causes a change In the structure of a 
drug-binding site 

A chromosomal mutation that causes a change In cell membrane 
permeability 

Acquisition {by conjugation, transduction, or transformation) of a 
gene that enables the bacterium to produce an enzyme that de
stroys or inactivates the drug 

Acquisition {by conjugation, transduction, or transformation) of a 
gene that enables the bacterium to produce an MDR pump 

The drug cannot bind to the bacterial cell 

The drug cannot pass through the cell membrane and thus 
cannot enter the cell 

The drug is destroyed or inactivated by the enzyme 

The drug is pumped out of the cell before it can damage or I 
kill the cell 

~-------------------------------------------------------------------------------------------J MDR, multldrug resistant. 
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Figure 8· 7. Mdllclllln-NIIstant Staphylococcus auteUs fact sheet. (Provided by the CDC.) 
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The "garage, is called the ~lac· 
produce enzymes that destroy the ,
.1}-lactam ring; these enzymes are 
known as (3-lactamases. When 
the (3-lactam ring is destroyed, 
the antibiotic no longer works. 
Thus, an organism that produces .._ 
a P-lactamase is resistant to anti-
biotics containing the .1}-lactam ring (collectively referred 
to as ~lactam antibiotics or P-lactams). 

As mentioned earlier, there are three types ofP-lactamases: 
penicillinases, cephalosporinases, 
and carbapenemases. PeniciiJinll!es ' 
destroy the ~lacwn ring in pen-
icillins; thus, an organism that 
produces penicillinase is resistant 
to penicillins. CephakJspfJrinases 
destroy the (3-lactam ring in 
cephalosporins; thus, an organism 
that produces cephalosporinase is 
resistant to cephalosporins. Some 
bacteria produce both types of ' ·------"'""' 
.1}-l.actamases. Some bacteria can 
also produce t:Ari111pmemase enzymes that can inactivate 
penicillin, cephalosporin, and carbapenem antibiotics. 

To combat the effect of ii-lactamases, drug companies 
have developed special drugs that combine a P-lactam an
tibiotic with a P-lactamase inhibitor (e.g., clavulanic acid, 
sulbactam, avibactam, or tazobacwn). The .1}-lactam. inhib
itor irreversibly binds to and inactivates the P-lactamase, 
thus enabling the companion drug to enter the bacterial 
cell and disrupt cell wall synthesis. Some of these special 
combination drugs are as follows: 

• Clavulanic acid (clavulanate) combined with amoxicillin 
(brmd name, Augmentin) 

• Sulbactam combined with ampicillin (Unasyn) 
• Avibactam combined with ceftazidime (Avycaz) 
• Tazobactam combined with piperacillin (Zosyn) 
• Tazobactam combined with ceftolozane (Xerban) 

SOME STRATEGIES IN THE WAR AGAINST 
DRUG RESISTANCE 

• Education is crucial-education of health care profes
sionals and, in tum, education of patients. 

• Patients should never pressure clinicians to prescribe 
antimicrobial agents. Parents must stop demanding anti
biotics every time they have a sick child. The majority of 
sore throats and many respiratory infections are caused 
by viruses, and viruses are unaffected by antibiotics. 
Because viruses are not killed by antibiotics, patients 
and parents should not expect antibiotics when they or 
their children have vinl infections. Instead of demanding 
antibiotics from clinicians, they should be asking wby one 
is being prescribed. 

• It is important that clinicians not allow themselves to be 
pressured by patients. They should prescribe antibiotics 
only when warranted (i.e., only when there is a demon
strated need for them). Whenever possible, clinicians 
should collect a specimen for culture and have the Clinical 
Microbiology Laboratory perform susceptibility testing 
(see Chapter 13) to determine which antimicrobial agents 
are likely to be effective. 

• Clinicians should prescribe an inexpensive, narrow-spectrum 
drug whenever the laboratory results demonstrate that 
such a drug effectively kills the pathogen. According to 
Dr. Stuart B. Levy;c by some estimates, at least half of 
current antibiotic use in the United States is inappropri
ate-antibiotics are either not indicated at all or incor
rectly prescribed as the wrong drug, the wrong dosage, 
or the wrong duration. One study showed that antibiotics 
were prescribed in 68% of acute respiratory tract visits, 
and of those, 80% were unnecessary according to CDC 
guidelines/ Table 9-9 lists upper respiratory infections 
that typically do not benefit from antibiotics. Taking 
antibiotics for these viral infections will not cure the 
infections, will not keep other individuals from catching 
the illness, and will not help the patient feel better • 

• Patients must take their antibiotics in the exact manner 
in which they are prescribed. Health care professionals 
should emphasize this to patients and do a better job 
explaining exactly how medications should be taken. 

• It is critical that clinicians prescribe the appropriate 
amount of antibiotic necessary to cure the infection. 
Then, unless instructed otherwise, patients must take 
1111 their pills-even after they are feeling better. Again, 
this must be explained and emphasized. H treatments 
are cut short, there is selective killing of only the most 
susceptible members of a bacterial population. The more 
resistant variants are left behind to multiply and cause 
a new infection. 

• Patients should always destroy any excess medications and 
should never keep antibiotics in their medicine cabinet. 
Antimicrobial agents, including antibiotics, should be 
taken only when prescribed and only under a clinician1 
supervision. 

• Unless prescribed by a clinician, antibiotics should never 
be used in a prophylactic manner-such as to avoid 
"traveler1 diarrhea, when traveling to a foreign country. 
Taking antibiotics in that manner actually increases the 
chances of developing traveler's diarrhea. The antibiotics 
kill some of the beneficial indigenous intestinal microbes, 
eliminating the competition for food and space, making 
it easier for pathogens to gain a foothold. 

e:Levy SB. The Antibiotic P~: Ht:1DJ the Misuse of Antibiotics 
Destroys Their CJmJtive Pt.rwers. 2nd ed. Cambridge, MA: Perseus 
Publishing; 2002. 
fscottJG, et al. Antibiotic use in aC\lte respiratory infections and 
the ways patients pressure physicians for a prescription. J F11m 
Pnla. 2001;50(10):8S3-8S8. 
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Viral Infections for Which Antibiotic Treatment Is Deemed Inappropriate 

Infection 

Cold 
Flu 
Chest cold {In otherwise healthy children and adults) 
Sore throats (other than strep throat) 
Bronchitis Qn otherwise healthy children and adults) 
Runny nose (with green or yellow mucus) 
Fluid In the middle ear 

Source: The Centers for Disease Control and Prevention, Atlanta, GA. 

• Health care professionals must practice good infection 
prevention and control procedures (see Chapter 12). 
Frequent and proper handwashing is essential to prevent 
the transmission of pathogens from one patient to another. 
Health care professionals should monitor for important 
pathogens (such as MRSA) within health care settings 
and always isolate patients infected with MDR pathogens. 

In recognition of the urgency to control antibiotic 
usage in hospitals, the Center for Medicare and Medicaid 
Services has decreed that all hospitals should establish an 
Antibiotic Stewardship Committee. This committee would 
be tasked with overseeing antibiotic usage and would consist 
of Infectious Disease clinicians, hospital pharmacists, and 
laboratorians from the Clinical Microbiology Laboratory. 

EMPIRIC THERAPY 

In some cases, a clinician must initiate therapy before 
laboratory results are available. This is referred to as em
piric tberaJ1J. In an effort to save the life of a patient, it is 
sometimes necessary for the clinician to "guess" the most 
likely pathogen and the drug most likely to be effective. It 
will be an "educated guess," based on the clinician's prior 
experiences with the particular type of infectious disease 
that the patient has. Before writing a prescription for a 
certain antimicrobial agent, several factors must be taken 
into consideration by the clinician; some of these are in 
the following list: 

• If the laboratory has reported the identity of the pathogen, 
the clinician can refer to a "pocket chart" that is available 
in most hospiWs. This pocket chart, which is technically 
known as an antibiogram, is published by the Clinical 
Microbiology Laboratory; it usually contains antimicro
bw susceptibility test data that have been accumulated 
during the past year. The pocket chart provides important 
information regarding drugs to which various bacterial 
pathogens were susceptible and resistant (Fig. 9-8). 

• Is the patient allergic to any antimicrobial agents? Ob
viously, it would be unwise to prescribe a drug to which 
the patient is allergic. 

• What is the age of the patient? Certain drugs are con
traindicated in very young or very old patients. 

Usually Caused by 
Virueee 

Usually Ceueecl by 
Bacteria 

Antibiotic 
Needed 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 

• Is the patient pregnant? Certain drugs are known to be or 
suspected to be teratogenic (i.e., they cause birth defects). 

• Is the patient an inpatient or outpatient? Certain drugs 
can be administered only intravenously and, therefore, 
cannot be prescribed for outpatients. 

• If the patient is an inpatient, the clinician must prescribe 
a drug that is available in the hospital pharmacy (i.e., a 
drug that is listed in the hospital formulary). 

• What is the site of the patient's infection? If the patient 
has cystitis (urinary bladder infection), the clinician might 
prescribe a drug that concentrates in the urine. Such a 
drug is rapidly removed from the blood by the kidneys, 
and high concentrations of the drug are achieved in the 
urinary bladder. To treat a brain abscess, the clinician 
would select a drug capable of crossing the blood-brain 
barrier. 

• What other medications is the patient taking or re<:eiving? 
Some antimicrobial agents will cross-react with certain 
other drugs, leading to a drug interaction that could be 
hannful to the patient. 

• What other medical problems does the patient have? Certain 
antimicrobial agents are known to have toxic side effects 
(e.g., nephrotoxicity. hepatotoxicity; and ototoxicity). For 
example, a clinician would not prescribe a nephrotoxic 
drug to a patient who has prior kidney damage. 

• Is the patient leukopenic or immunocompromisedr If so, 
it would be necessary to use a bactericidal agent to treat 
the patient's bacterial infection, rather than a bacterio
static agent. Recall that bacteriostatic agents should be 
used only in patients whose host defense mechanisms are 
functioning properly (i.e., only in patients whose bodies 
are capable of killing the pathogen once its multiplication 
is stopped). A leukopenic patient has too few white blood 
cells to kill the pathogen, and the immune system of an 
immunocompromised patient r , 
would be unable to kill the Although the 
pathogen. patient's weight will 

• The cost of the various drugs influence the dos-
is also a major consideration. age o~ ~ particular 
Whenever possible, clinicians drug, ~ •s usual~ not 
should prescribe less cosdy, ~r:~~n~oh~';:~~;d-
narrow-spectrum drugs, rather lng which drug to 
than expensive, broad-spectrum prescribe. drugs. ..... _______ .) 
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Klebsiella pneumontae 712 0 75 89 90 94 94 85 82 90 90 91 88 92 91 99 84 82 57 
Klebsiella~ 100 0 55 84 83 99 99 45 74 85 93 96 88 96 97 99 88 78 93 
Enterobacter aerogenes 84 0 38 71 73 90 90 0 0 71 71 87 79 86 83 99 83 93 30 

Enterobacter cloacae 196 0 24 76 68 99 99 0 0 69 70 93 94 93 94 99 89 90 26 
Cltrobacter freund/1 72 0 55 83 79 99 99 0 0 72 71 97 82 88 92 100 79 64 96 
Cltrobacter koserl 39 0 rn 97 97 100 100 97 97 100 100 100 97 100 100 100 97 92 83 
Serratia marcescens 67 0 0 81 88 100 100 0 0 85 85 100 93 94 90 94 87 29 0 
ProtBUS mirabilis 376 73 80 98 98 100 97 82 96 99 99 100 58 87 88 99 70 0 0 
MorganB/ta momanii 68 0 23 100 96 100 100 0 0 90 85 100 51 81 93 100 56 0 0 
Pssudomonas aeruginosa 685 90 68 80 83 75 66 74 92 88 
StMOttophomonas maJtophi/ia 78 37 100 
Acinetobacttlr baumannii 48 47 0 42 52 52 48 53 65 85 so 
Haemophilus influenzae 39- 70 100 100 100 100 76 
•urine only 

- Represents inpatient and outpatient isolates 

Figure 9-8. Pocket chart for aerobic Gram-negative bacteria illustrating the type of chart that dinician. carry in their pockets for use a• a quick rufarance whenever 
empiric therapy is necessary. The pocket chart, which is prepared by the medical facility's Clinical Microbiology Laboratory, shows the perctll'rtage of particular organisms that 
weN susceptible to the various drugs that were tested. The following is an example of how the pocket chart is used. A clinician is informed that P. aeruginosa has been isolated 
from his or her patient's blood culture, but the antimicrobial susceptibility testing results on that Isolate will not be available until the following day. Because therapy must be lnltl· 
a ted Immediately, the clinician refers to the pocket chart and sees that tobramycln Is the most appropriate drug to use (of the 685 strains of P. aeruglnosa tested, 92% were sus
ceptible to tcbramycin). (As mentioned in the text, other factors would betaken into consideration by the clinician before prescribing tobramycin for this patient.) According to the 
pocket chart, which drug would be the second choice, if tobramycin is no longer available in the hospital pharmacy? Answer: piperacillinltazobactam {90%). (Note that this chart is 
included for educational purposes only. It should not actually be used in a clinical siJI:Iing.) 
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UNDESIRABLE EFFECTS OF 
ANTIMICROBIAL AGENTS 

The following are some of the many reasons why antimi
crobial agents should not be used indiscriminately: 

• 'Whenever an antimicrobial agent is administered to a 
patient, any organisms within that patient that are suscep
tible to the agent will die, but resistant ones will survive. 
This is referred to as selecting for resistant organisms 
(Fig. 9-9). The resistant organisms then multiply, become 
dominant, and can be transmitted to other people. To 
prevent the overgrowth of resistant organisms, sometimes 
several drugs, each with a different mode of action, are 
administered simultaneously. 

• The patient may become allergic to the agent. For ex
ample, penicillin G in low doses often sensitizes those 
who are prone to allergies; when these persons receive 
a second dose of penicillin at some later date, they may 
have a severe reaction known as anaphylactic shock, or 
they may break. out in hives. 

• Many antimicrobial agents are toxic to humans, and some 
are so toxic that they are administered only for serious 
diseases for which no other agents are available. One 
such drug is chloramphenicol, which, if given in high 
doses for a long period, may cause a very severe type of 
anemia called aplastic anemia. Another is streptomycin, 
which can damage the auditory nerve and cause deafness. 
Other drogs are hepatotoxic or nephrotoxic, causing liver 
or kidney damage, respectively. 

• With prolonged use, broad-spectrum antibiotics may 
destroy the indigenous micro biota of the mouth, intestine, 
or vagina. The person no longer has the protection of the 

Prolonged antibiotic 
use can lead to pop
ulation explosions of 
microorganisms that 
are resistant to the 
antibiotic(s) being 
used. Such over
growths are known 
as Msuperinfections." 

indigenous microbiota and thus 
becomes much more susceptible to 
infections caused by opportunists or 
secondary invaders. The resultant 
overgrowth by such organisms 
is referred to as a superinftctirm. 
A superinrection can be thought 
of as a "population explosion" of 
organisms that are usually present 
only in small numbers. For ewnple, 

Figure 9_1 0 illus- -.. the prolonged use of oral antibiotics 
trates the various can result in a superinrection of 

Clostridium a;n;~1• in the colon, ways in which an- 'JJ"'-. 
tibiotic resistance which can lead to diseases such as 
spreads. antibiotic-associated diarrhea and 

________ .J pseudomembranous colitis. Yeast 

vaginitis often follows antibacterial therapy because many 
bacteria of the vaginal microbiota were destroyed, leading 
to a superinfection of the indigenous yeast, Ctmdida albiams. 

CONCLUDING REMARKS 

In recent years, microorganisms have developed resistance 
at such a rapid pace that many people, including many 
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Figure 9-8. Selecting far drug-rallistant organisms. A. Indig
enous micrcbiota of a patient before initiation of antibiotic ther
apy. Most members of tha papulation ara susceptible Ondicated 
by S) to the antibiotic to be administered; very few are resistant 
(indicated by R). B. Attar antibiotic therapy has bean initiated, 
the susceptible organisms are dead; only a few resistant organ
isms remain. As a result of decreased competition fer nubients 
and space, the resistant organisms muHiply and become the 
predominant organisms in the patient's indigenous microbiota. 
(The same type of selection process occurs when fann animals 
are fed antibiotic-containing feed and when antimicrobial-con
taining products [e.g., toys and cutting boards] are used in our 
homes. Both of these topics were discussed in Chapter 8.) 

scientists, are beginning to fear that science is losing the war 
against pathogens. Two recent initiatives are worth noting: 

• In August 2016, the CDC announced the launch of the 
Antimicrobial Resistance Laboratory Network (ARLN). 
This program will provide the infrastructure and lab capacity 
for seven regional laboratories to network and coordinate 
with clinical and public health laboratories to detect and 
support response to resistant organisms recovered from 
human samples. When new resistance threats or outbreaks 
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Figure 1-1 o. Example. of how antibiotic resistance 'P'Qd& (Provided by the CCC.) 

are detected within health care facilities or at state and 
local public health labs, theARLN regional labs will pro
vide additional laboratory capacity and testing services to 
characterize and track resistance to support public health 
response to these threats. The seven regional laboratories 
began offering testing in January 2017. 

• In September of 2016, the United Nations General 
Assembly brought the issue of antibiotic resistance to 
the floor of the United Nations and urged members to 
unite in a worldwide effort to control the inappropriate 
use of antibiotics and to urge the continued development 
of new antimicrobial agents. 

Unfortunately, some strains of pathogens that are 
resistant to all known drugs have arisen; examples include 
certain strains of M. tubercuksis (the bacterium that causes 

tuberculosis) and P. 11erugfmJ.ra (the bacterium that causes 
many different types of infections, including pneumonia, 
urinary tract infections, and wound infections). To win the 
war against drug resistance, more prudent use of currently 
available drugs, the discovery of new drugs, and the devel
opment of new vaccines will all be necessary. Unfort:una.tely, 
as someone once said, "When science builds a better 
mousetrap, nature builds a better mouse." To learn more 
about antibiotic resistance, the book. by Dr. Stuart Levy 
(previously cited) is highly recommended. 

Fortunately, antimicrobial agents are not the only in 
vivo weapons against pathogens. Operating within our 
bodies are various systems that function to kill pathogens 
and protect us from infectious diseases. These systems, 
collectively referred to as host defense systems, are discussed 
in Chapters 15 and 16. 
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SOMETHING 
TO THINK 
ABOUT 

•Initially hailed aa 'magic bullets.' 
[antibiotics] are now used so often 

that success threatens their long-term 
utility. Unfornnrtely, the natural mutabllty 
of microbes enables pathogens to de
velop bullet-proof shields that make an-

tibiotic treatments Increasingly Ineffective. 
Our failure to adequately address resistance problems 
may ultimately push the control of Infectious diseases 
back to the pre-penicillin era." (From Drtica K, Perlin 
OS. Antibiotic Resistance: Understanding andRe
sponding to an Emetging Crisis. Upper Saddle River, 
NJ: Pearson Education, Inc; 2011 .) 

Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this 
chapter, answer the 
following multiple-
choice questions. 

Which of the following is least likely to be 
taken into consideration when deciding which 
antibiotic to prescribe for a patient? 
a. patient's age 
b. patient's underlying medical conditions 
c. patient's weight 
d. other medications that the patient is taking 

2. Which of the following is least likely to lead to 
drug resistance in bacteria? 
a. a chromosomal mutation that alters cell 

membrane permeabiity 
b . a chromosomal mutation that alters the 

shape of a particular drug-binding site 
c. receiving a gene that codes for an enzyme 

that destroys a particular antibiotic 
d. receiving a gene that codes for the 

production of a capsule 

Which of the folowing is not a common 
mechanism by which antimicrobial agents kill or 
inhibit the growth of bacteria? 
a. damage to cell membranes 
b. destruction of capsules 
c. inhibition of cell wall synthesis 
d. inhibition of protein synthesis 

4 Multidrug therapy is always used when a patient 
is diagnosed as having: 
a an infection caused by MRSA 
b. d iphtheria 
c. strep throat 
d. tuberculosis 

5. Which of the following terms or names has 
nothing to do with the use of two drugs 
simultaneously? 
B. antagonism 
b. Salvarsan 
c. Septra 
d. synergism 

8. Which of the following Is not a 
common mechanism by which antifungal 
agents work? 
a. by binding with cell membrane sterols 
b. by blocking nucleic acid synthesis 
c. by dissolving hyphae 
d. by lnterfer1ng with sterol synthesis 

Who d iscovered penicilin? 
B. Alexander Fleming 
b. Paul Ehrtich 
c. Selman WaksmBn 
d. Sir Howard Walter Florey 

8. Who Is considered to be the "Father of 
Chemotherapy"? 
a. Alexander Fleming 
b. Paul Ehrtich 
c. Selman Waksman 
d. Sir Howard Walter Florey 

All the following antimicrobia l agents work by 
inhibiting cell wall synthesis except: 
a. cephalosporin& 
b. aminoglycosides 
c. penicillin 
d. vancomycin 

10. All the following antimicrobial agents work by 
inhibiting protein synthesis except: 
a c lindamycin 
b. erytfv"omycin 
c. imipenem 
d. tetracycline 
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After studying this chapter, you should be able to: 

Savoral types of lichen growing on 
the bark of a t111B. 

Microbial communitill (BiDfilms) 
Synergism (Synergistic 

Infections) 

Agrtr:ullural Mlcrablalagy 
Role of Microbes in Elemental 

Cycles 
Other Soil Microbes 
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Microbial BiolecllnOIDfiJ 

• Define the terms ecology, human ecology, and 
microbial ecology 

• Describe biofilms and their impact on human health 

• List three categories of symbiotic relationships 
• Differentiate between mutualism and commensalism 

and give an example of each 
• Cite an example of a parasitic relationship 
• Describe the purpose of the Human Mlcroblome 

Project 
• Discuss the beneficial and harmful roles of the 

Indigenous mlcroblota of the human body 

• Outline the nitrogen cycle; include the meanings of 
the terms nitrogen fixation, nitrification, denitrification, 
and ammonification In the description 

• Name 10 foods that require microbial actMty for their 
production 

• Define biotechnology and cite four examples of how 
microbes are used In Industry 

• Define bloremedlatlon and cite an example 

169 
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INTRODUCTION 

The science of ecology is the systematic study of the in
terrelationships that exist between organisms and their 
environment. If you were to take a course in human 
ecology, you would study the interrelationships between 
humans and the world around them-the nonliving world 
as well as the living world. Mitrobilll ecoklgy is the study 
of the numerous interrelationships between microbes 
and the world around them-how microbes interact with 
other microbes, how microbes interact with organisms 
other than microbes, and how microbes interact with 
the nonliving world around them. Interactions between 
microorganisms and animals, plants, other microbes, 
soil, and our atmosphere have far-reaching effects on 

r 
; 

Microbial ecology 
is the study of the 
numerous interrela
tionships between 
microbes and the 
world around them. 

our lives. We are all aware of the 
diseases caused by pathogens 
(see Chapters 17 to 21), but this 
is only one example of many 
ways that microbes interact with 
humans. Most relationships be
tween humans and microbes are 

-------·.) beneficial rather than harmful. 
Although the "bad guys" get most of the attention in 
the news media, our microbial allies far outnumber our 
microbial enemies. 

Microbes interact with humans in many ways and at 
many levels. The most intimate association that we have 
with microbes is their presence both on and within our 
bodies. Additionally, microbes play important roles in 
agriculture, various industries, disposal of industrial and 
toxic wastes, sewage treatment, and water purification. 
Microbes are essential in the fields of biotechnology, 
bioremediation, genetic engineering, and gene therapy. 
(Genetic engineering and gene therapy were discussed 
in Chapter 7.) 

- Algal cell 

SYMBIOnC RELATIONSHIPS INVOLVING 
MICROORGANISMS 

Symbiosis 

Symbiosis, or a symbiotic nllztitmsbip, is defined as the living 
together or close association of two dissimilar organisms 
(usually two different species). The organisms that live 
together in such a relationship 
are referred to asJY"'biontr. Some 
symbiotic relationships (called 
mutualistic relationships) are 
beneficial to both symbionts, others 
(commensalistic relationships) are 
beneficial to only one symbiont, 
and others (parasitic relationships) 
are harmful to one symbiont. Many 

( 

'-

Symbiosis Is de
fined as the living 
together or close 
association of two 
dissimilar organisms 
(usually two different 
species). 

) 

microbes participate in symbiotic relationships. Various 
symbiotic relationships involving microbes are discussed 
in subsequent sections; some are illustrated in Figure 10-1. 

Neutralism 
The term nerstralism is used to describe a symbiotic rela
tionship in which neither symbiont is affected by the rela
tionship. In other words, neutralism reflects a situation in 
which different microorganisms occupy the same ecologic 
niche, but have absolutely no effect on each other. 

Commensalism 
A symbiotic relationship that is beneficial to one symbiont 
and of no consequence (i.e., neither beneficial nor hannful) 
to the other is called commmtlllism. Many of the organisms 
in the indigenous micro biota of humans are considered 
to be commensals. The relationship is of obvious benefit 

~~~"Oypanosoma 

-----D~dM ~~-
lolliculotum 

A B C 
Figure 10-1. Vartou• aymblotlc ralllltlonahlpa. A. A lichen is an example of a mutualistic relationship (i.e., a relationship 
that is beneficial to both symbionts). B. The tiny Demodex mitee that live in human hair follicles are examples of commensals. 
C. The flagellated protozoan that causes African sleeping sicknaas is a parasite. 
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Commensalism is a 1 to the microorganisms (they are 
symbiotic relation- provided nutrients and "housing"), 
ship that is benefi- but the microorganisms have 
cial to one symbiont no effect on the host. A host is 
and of no conse- defined as a living organism that 
quence o.e., neither harbors another living organism. 
beneficial nor harm- One example of a commensal, 
ful) to the other. ..! illustrated in Figure 10-1, is the 

tiny mite called Demodex, which 
lives within hair follicles and sebaceous glands, especially 
those of the eyelashes and eyebrows. 

Mutualism 

Mutualism is a symbiotic relationship that is beneficial to 
both symbionts (i.e., the relationship is mutually beneficial). 
Humans have a mutualistic relationship with many of the 
microorganisms of their indigenous microbiom.An example 
is the intestinal bacterium Escherkhia coli, which obtains 
"" -, nutrients from food materials 

Mutualism Is a sym- ingested by the host and produces 
biotic relationship vitamins (such as vitamin K) that 
that is beneficial to 

are used by the host. Vitamin K is a 
both symbionts o.e., bl d-el . £..~-that· tia1 
the relationship is 00 ottmg U!,\;wr IS essen 
mutually beneficia~. to humans. Also, some members of 

our indigenous microbiota prevent 
colonization by pathogens and overgrowth by opportunistic 
pathogens (discussed in section "Microbial Antagonism"). 

STUDY AID 
A Bit More about E. coli 

We normally live in harmony 
with the E. coli bacteria that 
live in our gastrointestinal 
(GI) tracts. In exchange tor 
the warm, nutrient-rich environment that we provide 
them, E. coli bacteria produce vitamins and other 
metabolites of value to us. It is important to under
stand that not all E. coli bacteria are created equal. 
The strain of E. coli that lives within one person is not 
necessarily the same strain that lives within another 
person. Although they share sufficient phenotypic 
characteristics to be classified as E. coli, strains differ 
from one another as a result of phenotypic character
istics that they do not have in common. For example, 
one strain may produce a particular enzyme that the 
other strain does not It is equally important to under
stand that strains of E. coli that exist within humans 
are not necessarily the same strains that are harbored 
by animals. The E. coli strains associated with con
taminated meat, for example, are strains that are har
bored by cattle but not by humans. Should humans 
ingest those strains, they become ill. 

Figure 10-Z. Lichens on a rvck In Maine. (Provided by 
Blomed Ed, Round Rock, TX.) 

&; another example of a mutualistic relationship, consider 
the protozoa that live in the intestine of termites. Termites 
eat wood, but they cannot digest wood. Fortunately, for 
them, the protozoa that live in their intestinal tract break 
down the large molecules in wood into smaller molecules 
that can be absorbed and used as nutrients by the termites. 
In tum, the tennite provides food and a warm, moist place 
for the protozoa to live. 'Without these protozoa, the ter
mites would die of starvation. 

The lichens that you see as colored patx:hes on rocks and 
tree trunks are further examples of mutualism (Fig. 10-2). 
As discussed in Chapter 5, a lichen is composed of an alga (or 
a cyanobacterium), a filamentous fungus, and a yeast, living 
so closely together that they appear to be one m-ganism. The 
fungi use some of the energy that the alga produces by pho
tosynthesis (recall that fungi are not photosynthetic), and the 
chitin in the fungal cell walls protects the alga from desicca
tion. Thus, all three symbionts benefit from the relationship. 

Paraslism 

Partuitism is a symbiotic relationship that is beneficial to 
one symbiont (the parasite) and detrimental to the other 
symbiont (the host). Being detrimental to the host does 
not necessarily mean that the parasite causes disease. In 
some cases, a host can harbor a parasite, without the par
asite causing harm to the host. "Smart'" parasites do not 
cause disease, but rather talre only the nutrients they need 
to exist. If the especially "dumb" r '• 
parasites kill their hosts, then they Parasitism Is a sym-
must either find a new host or die. biotic relationship 

that is beneficial to Nonetheless, certain parasites one symbiont (the 
always cause disease, and some parasite) and detri-
cause the death of the host. For mental to the other 
example, the protozoan illustrated symbiont (the host). • 
in Figure 10-1-Trypano.roma .._ ~ 

bruct:i gambi~is one of the parasites that causes African 
sleeping siclmess, a human disease that often causes death 
of the host. Parasites are discussed further in Chapter 21. 
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A change in conditions can cause one type of symbiotic 
relationship to shift to another type. For example, condi
tions can cause a mutualistic or commensalistic relationship 
between hUDWlS and their indigenous micro biota to shift 
to a parasitic, disease-causing (pathogenic) relationship. 
This is currently referred to as "dysbiosis." Recall that 
many of the microbes of our indigenous microbiota are 
opportunistic pathogens (opportunists), awaiting the 
opportunity to cause disease. Conditions that may enable 
an opportunist to cause disease include burns, lacerations, 

surgical procedures, or diseases 

l
~ that debilitate (weaken) the host 

J 
or interfere with host defense 
mechanisms. Immunosuppressed 
individuals are particularly suscep

·-------· tible to opportunistic pathogens. 
Opportunists can also cause dis

ease in otherwise healthy persons if they gain access to the 
blood, urinary bladder, lungs, or other organs and tissues 
of those individuals. 

THE HUMAN MICROBIOME PROJECT 

The Human Microbiome Project (HMP) is a U.S. Na
tional Institutes of Health initiative that was launched in 
2008, with a 5 -year mission to generate resources enabling 
comprehensive characterization of the human microbiome 
and analysis of its role in human health and disease.lni
tially, approximately 5,000 samples were collected from 
129 men and 113 women. Body sites sampled included 
the mouth, nose, skin, lower intestine (stool samples), 
and vagina. Using new molecular-based techniques and 
powerful bioinformatics programs, HMP researchers 
have calculated that more than 10,000 microbial species 
occupy the human ecosystem. Many of the species have 
never been recovered in culture. Although at one point, 
it was believed that bacterial cells outnumbered human 
cells in the body by a factor of 10:1, recent evidence 
indicates that the ratio is closer to 1.4:1 with bacteria 
still being in the majority. 

Whereas "microbiota" refers to the microorganisms 
tbt make up our indigenous microftora, the "microbiome" 
consists of not only the microorganisms but also the genes 
they possess and their effect on the local environment 
within the body. It is now known that microbes contribute 
more genes responsible for human survival than our own 
genes. It is estimated that bacterial protein genes are 360 
times more abundant than human genes. 

The initial results of the HMP focused on elucidating 
the indigenous micro biota at various body sites. These are 
discussed in detail in the following sections. Since then, 
many studies have attempted to determine what functions 
our microbiome contribute to our health and what clinical 
syndromes are associated with a disruption in our normal 
indigenous microbiota. Table 10-1 lists some of the im
portant functions of the host microbiome. 

Positive Effects of the Interactions 
between the Host and Its Microbiome 

Provides metabolic potential and supplies many vitamins 
and other nutritional factors 

Helps to train the immune system and supports host de-
fense functions 

Affects neurodevelopment 
Has anti-Inflammatory properties 
Has antioxidant activity 
Resists colonization by pathogenic microorganisms 
Maintains a healthy digestive system 

Recent studies of the human microbiome have led to 
some interesting findings: 

• There is a gut-brain axis and that our intestinal micro
biome has an effect on neurodevelopment throughout 
our lifetime.1 

• Development of the gut microbiome trains the immune 
system to recognize pathogenic microorganisms, and 
by modulating the immune system, it decreases the risk 
of developing autoimmune and allergic inflammatory 
diseases, such as irritable bowel syndrome.2 

• Studies of the gut microbiome from people in different 
areas of the world have led to the recognition of three 
"enterotypes" that differ in their predominant micro biota. 
It has also been noted that a change in diet can shift the 
enterotype of a person.3 

• Imbalance of the gut microbiome is a contributing factor 
to obesity.4 

• Babies born by cesarean section lag in the development 
of their gut microbiome by a few months and that exper
iments are proceeding with inoculation of babies born 
by C-section with vaginal flora of the mother to more 
quiclrly establish their gut microbiome. 5 

• The gut microbiome of adults is more complex than that 
of young children although the gut microbiome is fairly 
well established by 3 years of age.6 

• Changes in diet leading to a change in the gut microbiota 
are now being tried to determine whether the degree of 
autism can be affected. 7 

Much of the initial work: on the HMP targeted bacteria 
and yeasts at various body sites. There is now a recog
nition that there is also a "virome." The human virome 
consists of viruses that infect human cells and become 
latent such as the Herpes viruses, pieces of ancient viral 
nucleic acids that have become part of the genetic makeup 
of our own cells, as well as bacteriophages that infect the 
bacteria of the microbiome. Research has been slowed 
in elucidating the human virome because there is not a 
conserved target lik:e the 16S ribosome in bacteria that 
can be used to identify bacteria by advanced nucleic acid 
sequencing methods. These methods will be described 
further in Chapter 13. 
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INDIGENOUS MICROBIOTA OF HUMANS 

A person~ indigentJUSmicrobiota includes all of the microbes 
(bacteria, fungi, protozoa, and viruses) that reside on and 
within that person (Fig. 10-3). It has been estimated that 
our bodies are composed of about 10 trillion cells (including 
nerve ceUs, muscle ceUs, and epithelial cells), and that we 
have at least that many microbes that live on and within 
our bodies. As previously mentioned, it has been estimated 
that our indigenous micro biota is composed of as many as 

A person's indig
enous microbiota 
includes all of the 
microbes (bacteria, 
fungi, protozoa, and 
viruses) that reside 
on and whhln that 
person. 

, 10,000 different species, although 
the majority have never been 
cultured, but can be detected by 
molecular methods. 

A fetus has no indigenous 
micro biota although there is now 
evidence that a few microorg:an
isms are present in the infant 
GI tract at birth, likely acquired 

,...-----Mouth and upper 
respiratory tract 

:'ii=====::i---Genitourinary tract 
(vagina, urethra) 

Figure 1 0·3. Ala as of the body where most of the 
indigenous microbiota reside. 

SOMETHING 
TO THINK 
ABOUT 

•1 would like to point out that we 
depend on more than the activity 

of some 30,000 genes encoded In 
the human genome. Our existence 

liii .. liL Is critically dependent on the pres-
ence of upwards of 1,000 bacterial 

species (the exact number Is unknown because 
many are uncultlvable) living In and on us: the oral 
cavity and gastrointestinal tracts contain particularly 
rich and active populations. Thus, if truth be known, 
human life depends on an additional 2 to 4 million 
genes, mostly uncharacterized. Until the synergistic 
activities between humans (and other animals) with 
their obligatory commensals have been elucidated, 
an understanding of human biology will remain 
incomplete." {Julian Davies, Science Magazine, 
2001 ;291 :2316.) 

from a placenw microbiome.8 During and after delivery, 
a newborn is exposed to many microorganisms from its 
mother, food, air, and virtually everything that touches 
the :infunt. Both harmless and helpful microbes take up 
residence on the baby's skin, at all body openings, and on 
mucous membranes that line the digestive tract (mouth to 
anus) and the genitourinary (GU) tract. These moist, warm 
environments provide excellent conditions for growth. 
Conditions for proper growth (moisture, pH, temperature, 
and nutrients) vary throughout the body; thus, the types of 
resident micro biota differ from one anatomic site to another. 
Blood, lymph, spinal fluid, and most internal tissues and 
organs are normally free of microorganisms (i.e., they are 
sterile). Table 10-2lists microorganisms frequently found 
on and within the human body. 

In addition to the resident microbiota, transient mi
crobes take up temporary residence on and within humans. 
The body is constantly exposed to microorganisms from 
the external environment; these transient microbes are 
frequently attracted to moist, warm body areas. These 
microbes are only temporary for many reasons: they may 
be washed from external areas by bathing; they may not 
be able to compete with the resident micro biota; they may 
fail to survive in the acidic or alkaline environment of the 
site; they may be killed by substances produced by resident 
micro biota; or they may be flushed away by bodily excretions 
or secretions (such as urine, feces, tears, and sweat). Many 
microbes are unable to colonize (inhabit) the human body 
because they do not find the body to be a suitable host. 

Destruction of the resident microhiota disturbs the delicate 
balance established between the host and its microorg:misms. 
As previously mentioned, this is referred to dysbiosis. For 
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Anatomic Locations of Bacteria and Yeasts Found as Indigenous Microbiota of Humans 

Nose and 
Skin Mouth Naeopharynx Oropharynx Gl Tract GUTract 

Anaerobic Gram-negative cocci + 
Anaerobic Gram-positive cocci + + + + 
Bacteroides spp. ± + + + + 
Cendlda spp. + ± + 
Clostridium spp. + + + 
Diphtheroids + + + + 
Enterobacteriaceae- + ± 
Enterococcus spp. ± ± + + 
Fusobacterium spp. ± ± + + 
Haemophilus app. + + 
Lactobacillus spp. + + + 
Micrococcus spp. + 
Neh!lserfa menlngltfdls ± ± 
Prevotella/Porphyromonss spp. + + 
Staphylococcus spp. + + + + + + 
Streptococcus spp. ± + + + 

•A family of Gmm-negative bactefia aornetimes rvferred 10 aa enteric bacilli Oncludes E.scherichia, KlebsiG/18, and Proteus app.). 
Gl, gastrolnteatlnal; GU, genitourinary; +,commonly p~ ±,less commonly preeerrt; -,absent. 

example, prolonged therapy with certain antibiotics often 
destroys many of the intestinal micro biota. D.ial.Thea is usually 
the result of such an imbalance, which, in turn, leaves the body 
more susceptible to secondary invaders. When the nwnber 
of usual resident microbes is greatly reduced, opportunistic 
invaders can more easily establish themselves within those 
areas. One important opportunist usually found in small 
numbers near body openings is the yeast, CtmJiJA albiams, 
which, in the absence of sufficient numbers of other resident 
microbiota, may growunch.eckedin the mouth, vagina, or lower 
intestine, causing the disease amdidiasis. Such an overgrowth 
or population explosion of an organism that is usually present 
in low nwnbers is referred to as a superi11foaion. 

Microbiota of the Skin 
The skin is a relatively inhospitable environment for mi
croorganisms. It varies in temperature, has a generally low 
pH, high levels of salt, tnd lack of nutrients. Nevertheless, it 
does contain a rich microbiome. The resident microbiota of 
the skin consists primarily of bacteria and fungi-as many as 
300 different species, depending on the anatomic location. 
The number of different types of microbes varies greatly 
from body part to body part and from person to person. 
Although the skin is constantly exposed to air, many of the 
bacteria that live on the skin are anaerobes; in fact, anaer
obes actually outnumber aerobes on the skin. Anaerobes 
live in the deeper layers of skin, hair follicles, and sweat 
and sebaceous glands. The most common bacteria on the 

skin are species of Staphylococcus (especially Staphykct.Jccus 
epidmnidis and other coagulase-negative staphylococci•), 
Corynebaaerium, and Propionihaaerium. The number and 
variety of microorganisms present on the skin depend on 
many factors, such as the 

• anatomic location 
• amount of moisture present ,.- 'I 

• pH 
• temperature 
• salinity (saltiness) 
• presence of chemical wastes, 

such as urea and fatty acids \ 
• presence of other microbes, ·---------" 

which may be producing toxic substances 

Moist, warm conditions in hairy areas of the body where 
there are many sweat and oil glands, such as under the 
arms and in the groin area, stimulate the growth of many 
different microorganisms. Dry, callused areas of skin have 
few bacteria, whereas moist folds between the toes and 
fingers support many bacteria and fungi. The surface of the 
skin near mucosal openings of the body (the mouth, eyes, 

'Coagulase is an enzyme that causes clot formation. In the 
Clinical Mia-obiology Laboratory, the coagulase test is often 
used to diffi:.rentiate St~~pbyl«otcus &'I.IMIS (which produces 
coagulase and is referred to as being coagulase positive) from 
other species of St~~pbylooJaws (which do not produce coagulase 
and are refetted to as coagulase negative). 
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nose, anus, and genitalia) is inhabited by bacteria present 
in various excretions and secretions. 

Frequent washing with soap and w.1ter removes most of 
the potentially harmful transient microbes lwbored in sweat, 
oil, and other seaetions from moist body parts, as well as the 
dead epithelial cells on which they feed. Proper hygiene also 
serves to remove odorous organic materials present in sweat, 
sebum (sebaceous gland secretions), and microbial metabolic 
by-products. Health care professionals must be particularly 
careful to keep their skin and clothing as free of transient 
microbes as possible to help prevent personal infections and 
to avoid transferring pathogens to patients. These individuals 
should always keep in mind that most infedions after burns, 
wounds, and surgery result from the growth of resident or 
transient skin microbiota in these susceptible areas. 

Mlcroblata ot the Ears and Eyes 
The middle ear and inner ear are usually sterile, whereas the 
outer ear and the auditory canal contain the same types of 
microbes as are found on the skin. When a person coughs, 
sneezes, or blows his or her nose, these microbes may be 
carried along the eustachian tube and into the middle ear 
where they can cause infection. Infection can also develop in 
the middle ear when the eustachian tube does not open and 
close properly to maintain correct air pressure within the ear. 

The external surface of the eye is lubricated, cleansed, 
and protected by tears, mucus, and sebum. Thus, continual 
production of tears and the presence of the enzyme lysozyme 
and other antimicrobial substances found in tears gready 
reduce the numbers of indigenous microbiota organisms 
found on the eye sur&ces. 

Microbiala of the Respiratory Tract 
The respiratory tract can be divided into the upper respiratory 
ttact and the lower respiratory ttact. The upper respiratory 
tract consists of the nasal passages and the throat (pharynx). 
The lower respiratory ttact consists of the larynx (voice 
box), ttachea, bronchi, bronchioles, and lungs. 

The nasal passages and throat have an abundant and 
varied population of microbes because these areas provide 
moist, warm mucous membranes that furnish excellent 
conditions for microbial growth. Many microorganisms 
found in the healthy nose and throat are harmless. Others 
are opportunistic pathogens, which have the potential to 
cause disease under certain circumstances. Some people
known as healthy ~harbor virulent (disease-causing) 
pathogens in their nasal passages or throats, but do not 
have the diseases associated with them, such as diphtheria, 
meningitis, pharyngitis, pneumonia, and whooping cough. 
Although these carriers are unaffected by these pathogens, 
carriers can transmit them to susceptible persons. 

The lower respiratnry tract is usually free of microbes 
because the mucous membranes and lungs have defense 
mechanisms (described in Chapter 15) that efficiently 
remove invaders. 

Mlcroblota of the Oral Cavity (Mouth) 
The anatomy of the oral cavity (mouth) affords shelter for 
numerous anaerobic and aerobic bacteria. Anaerobic micro
organisms flourish in gum margins, crevices between the 
teeth, and deep folds (crypts) on the surface of the tonsils. 
Bacteria thrive especially well in particles of food and in 
the debris of dead epithelial cells around the teeth. Food 
remaining on and between teeth provides a rich nutrient 
medium for growth of many oral bacteria. Carelessness 
in dental hygiene allows growth of these bacteria, with 
development of dental caries (moth decay), gingivitis (gum 
disease), and more severe periodontal diseases. 

The list of microbes that have been isolated from healthy 
human mouths reads like a manual of the major groups of 
microbes. It includes Gram-positive and Gram-negative 
bacteria (both cocci and bacilli), spirochetes, and sometimes 
yeasts, mould-like organisms, protozoa, and viruses. The 
bacteria include species of Actitunnyces, Baaeroidu, Crw:rne
hiiCttrium, FusobiiCttrium, Htumophilus, LIKtohlldllus, Neisstrill, 
Rn-pbyromqtun, PrtvotelltJ, Prophm-
ibllderium, Staphylococcus, Strtpto- ,.-The most common '~ 
(X)CCUS, Treponema, and Veilkrnella. organisms In the 
The most common organisms Indigenous micro-
in the indigenous microbiota of biota of the mouth 
the mouth are various species of 
a-hemolytic streptococci. The 
bacterium most often implicated 
in the formation of dental plaque 
is Streptococcus mut~ms. 

Microbiota of the Gl Tract 

are various species 
of a-hemolytic 
s1reptococci. 

~c _______ ) 

The GI ttact (or digestive ttact) consists of a long tube 
with many expanded areas designed for digestion of food, 
absorption of nutrients, and elimination of undigested ma
terials. Excluding the oral cavity and pharynx, which have 
already been discussed, the GI ttact includes the esophagus, 
stomach, small intestine, large intestine (colon), and anus. 
Accessory glands and organs of the GI system include the 
saliva.ty glands, pancreas, liver, and gallbladder. 

Gastric enzymes and the extremely acidic pH (approx
imately pH 1.5) of the stomach usually prevent the growth 
of indigenous micro biota, and most transient microbes (i.e., 
microbes consumed in foods and beverages) are killed as 
they pass through the stomach. There is one bacterium-a 
Gram-negative bacillus named Helicobaaer pylori-that 
lives in some people~ stomachs and is a common cause 
of ulcers. A few microbes, enveloped by fuod particles, 
manage to pass through the stomach during periods of 
low acid concenttation. Also, when the amOWlt of acid is 
reduced in the course of diseases such as stomach cancer, 
certain bacteria may be fmmd in the stomach. 

Few microbes usually exist in the upper portion of the 
small intestine (the duodenum) because bile inhibits their 
growth, but many are found in the lower parts of the small 
intestine (the jejunum and ileum). 
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The colon contains the largest number and variety 
of microorganisms of any colonized area of the body. It 
has been estimated that as many as 500 to 600 different 
species-primarily bacteria-live there. Because the colon 
is anaerobic, the bacteria living there are obligate, aerotol
erant, and facultative anaerobes. Bacteria found in the GI 

The colon contains 
as many as 500 
to 600 different 
species- prtmarlly 
bacteria. 

tract include species ofActifwmyces, 
BtKttroidts, Clostridium, &terobtKttr, 
EnttroCO«W, Escherichia, Klehsiellts, 
Laaobadllus, Pambact:eroides, Pro
teus, Psetulommuzs, Stapbylot:oa:us, 
and Streptococcus. 

Also, many fungi, protozoa, and viruses can live in the 
colon. Many of the microbes of the colon are opportunists, 
causing disease only when they gain access to other areas 
of the body (e.g., urinary bladder, bloodstream, or lesion 
of some type), or when the usual balance among the mi
croorganisms is upset. E. coli is a good example. All humans 
have E. coli bacteria in their colon. They are opportunists, 
usually causing us no problems at all, but they can cause 
urinary tract infections (UTis) when they gain access to the 
urinary bladder. In fact, E. coli is the most common cause 
of UTis. Some strains of E. coli produce toxins that cause 
diarrhea. These strains are usually acquired through the 
ingestion of improperly cooked or processed food. 

Many microbes are removed from the GI tract as a 
result of defecation. It has been estimated that about 50% 
to 60% of the fecal mass consists of bacteria. 

Mlcroblota at the GU Tract 

The GU tract (or urogenital tract) consists of the urinary 
tract (kidneys, ureters, urinary bladder, and urethra) and the 
various parts of the male and female reproductive systems. 

The healthy kidney, ureters, and urinary bladder are 
thought to be sterile, although recent studies have suggested 
that there is a urinary microbiome in the bladder.9 The 
distal urethra (the part of the urethra farthest from the 
urinary bladder) and the external opening of the urethra 
harbor many microbes, including bacteria, yeasts, and vi
ruses. As a rule, these microbes do not invade the bladder 
because the urethra is periodically flushed by acidic urine. 
Frequent urination helps to prevent UTis. However, 
persistent, recurring UI1s often develop when there is an 
obstruction or narrowing of the urethra, which allows the 
invasive organisms to multiply. The most frequent causes 
of urethral infection (urethritis}-Ch~dia tnKhomlltis, 
Neisseria grnwrrhoea~, and mycoplasmas--are easily intro
duced into the urethra by sexual intercourse. 

The reproductive systems of both men and women are 
usually sterile, with the exception of the vagina; here, the 
microbiota varies with the stage of sexual development. 
During puberty and after menopause, vaginal secretions 
are alkaline, supporting the growth of various diphther
oids, streptococci, staphylococci, and coliforms (E. coli and 
closely related enteric Gram-negative bacilli). Through 
the childbearing years, vaginal secretions are acidic 

(pH 4.0-5 .0), encouraging the growth mainly oflactobacilli, 
along with a few a-hemolytic streptococci, staphylococci, 
diphtheroids, and yeasts. Bacteria found in the vagina include 
species of Actinomyces, Baaeroides, C~um, Klebsiella, 
lActobacillus, Mycoplasma, Prtrvotella, Proteus, Pseut:lommuu, 
Staphylococcu.s, and Streptococcus. 

The metabolic by-products of lactobacilli, especially 
lactic acid, inhibit growth of the bacteria associated with 
bacterial vaginosis (BV). Factors that lead to a decrease in 
the number of lactobacilli in the vaginal micro biota can 
lead to dysbiosis and an overgrowth of other bacteria (e.g., 
&cteroides spp., Mohihmcus spp., Prevotella spp., Gmlnerella 
vaginalis, and anaerobic cocci), which, in turn, can lead to 
BV. Likewise, a decrease in the number of lactobacilli can 
lead to an overgrowth of yeasts, which, in tum, can lead 
to yeast vaginitis. 

STUDY AID 
11Vaginitis" Versus 1'Vaginosis" 

The similarly sounding terms 
vaginitis and vaginosis both refer to 
vaginal infections. The suffix "-itis" 
raters to inflammation, and inflammation 
usually involves the influx of white blood cells (WBCs) 
known as polymorphonuclear cells (PMNs). Thus, 
a vaginal infection involving inflammation and the 
influx of PMNs is referred to as vaginitis. In BV, there 
is a watery, noninflammatory discharge, lacking 
WBCs. Thus, the difference between vaginitis and 
vaginosis boils down to the presence or absence 
of WBCs. Although vaginitis is usually caused 
by one particular pathogen, BV is a synergistic 
(polymicrobiaO infection. 

BENEFICIAL AND HARMFUL ROLES OF 
INDIGENOUS MICROBIOTA 

Humans derive many benefits from their indigenous micro
biota, some of which have already been mentioned. Some 
nutrients, particularly vitamins K and B12, pantothenic 
acid, pyridoxine, and biotin, are obtained from secretions 
of certain intestinal bacteria. Evidence also indicates that 
indigenous microbes provide a constant source of irritants 
and antigens to stimulate the immune system. This causes 
the immune system to respond more readily by producing 
antibodies to foreign invaders and substances, which, in 
tum, enhances the body's pro- ,.- -·1 
tection against pathogens. The Certain of our In-
mere presence of large numbers testlnal bacterta are 
of microorganisms at certain beneficial to us be-
anatomic locations is beneficial cause they produce 

useful vitamins and 
because they prevent pathogens other nutrients. 
from colonizing those locations. ..... _______ . ..,' 
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Microbial Antagonism 
The term microbW ~mtllgrmism means "microbes versus 
microbes" or "microbes against microbes." Many of the 
,- microbes of our indigenous mi-

Many members crobiota serve a beneficial role 
of our indigenous by preventing other microbes 
micro biota serve a 
beneficial role by from becoming established in or 
praventlng other colonizing a particular anatomic 
microbes from be- location. For enmple, the huge 
coming established numbers of bacteria in our colons 
in or colonizing a accomplish this by occupying 
particular anatomic space and consuming nutrients. 
location. "Newcomers" (mcluding pathogens 

.) 
that we have ingested) cannot 

gain a foothold because of the intense competition for 
space and nutrients. 

Other e.umples of microbial antagonism involve the 
production of antibiotics and bacteriocins. As discussed in 
Chapter 9, many bacteria and fungi produce antibiotics. 
Recall that an antibiotic is a substance produced by one 
microorganism that kills or inhibits the growth of another 
microorganism. (Actually, the term antibiotic is usually 
reserved for those substances produced by bacteria and 
fungi that have been found useful in treating infectious 
diseases.) Some bacteria produce proteins called bacteriocins 
that kill other bacteria. An enmple is colicin, a bacteriocin 
produced by E. CtJii. 

Opportunistic Pllhogens 
As you know, many members of the indigenous micro
biota of the human body are opportunistic pathogens 
(opportunists), which can be thought of as organisms that 
are hanging around, waiting for the opportunity to cause 

Opportunistic 
pathogens (op
portunists) can be 
thought of as organ
isms that are hang
ing around, awaiting 
the opportunity to 
cause infections. 

infections. Take E. coli, for exam
ple. Huge numbers of E. coli live 
in our intestinal tract, causing 
us no problems whatsoever on a 
day-to-day basis. They do possess 
the potential to be pathogenic, 
however, and can cause serious 
infections should they find their 

_______ .~ way to a site such as the urinary 

bladder, the bloodstream, or a wound. Other especially 
important opportunistic pathogens in the human indig
enous microbiota include other members of the family 
Enterobacteriaceae, S. IIUI'eus, and Enttrocoaw spp. 

Blulbenpeullc Agents 

When the delicate balance among the various species in the 
population of indigenous micro biota is upset by antibiotics, 
other types of chemotherapy, or changes in pH, many com
plications may result. Certain microorganisms may flourish 
out of control, such as C. IZibiclms in the vagina, leading 
to yeast vaginitis. Also, diarrhea and pseudomembranous 

STUDY AID 
Different Uses of the Term 
Antagonism 

As was just explained, antagonism, as 
used in the tenn microbial antagonism, 
refers to the adverse effects that 
some microbes have on other microbes. However, 
as you learned in Chapter 9, antagonism can also 
refer to the adverse effects of using two antibiotics 
simultaneously. With respect to antibiotic use, an 
antagonistic effect is a bad thing because fewer 
pathogens ara killed by using two drugs that work 
against each other than would be killed if either drug 
was used alone. 

colitis may occur as a result of overgrowth of CWstridium 
diffitik in the colon. Cultures of L«ttJblldllus in yogurt or 
in medications may be prescribed to reestablish and stabi
lize the microbial balance. Bacteria and yeasts used in this 
manner are called biothmtpeutic 
11gmts (or probiotics). b Other mi- ' Bacteria and yeasts 
croorganisms that have been used that are ingested to 
as biotherapeutic agents include reestablish and sta-
Bifok/Nzaerirm~ spp., nonpathogenic bilize the microbial v_.______ and c:-... L balance within our 
.c.mn~~~o~w.J spp., ~llr'flmJCU 

spp. (yeasts). Recendy, fecal micro- bodies ara called 
biota transplants have been used to blotherapeutlc 
reestablish the gutmicrobiome in ,_agents or probiotics ...... , 
patients who have been refractory 
to antibiotic treatment for C. dijJiti/Hassociated diarrhea. 
Fecal material from a normal donor (either in liquid form or 
in pills) is used to repopulate the gut microbiota.Altbough 
the process sounds unpleasant, it has the best success rate 
in treating recurrent C. dijJidle disease. 

MICROBIAL COMMUNITIES (BIOFILMS) 

We often read about one particular microbe as being the cause 
of a cemin disease or as playing a specific role in nature. In 
reality, itis rare to find an ecologic niche in which only one 
type of microbe is present or only one microbe is causing 
a particular effect. In nature, microbes are often organized 
into what are known as b.iojilmr-complex and persistent 
communities of assorted microbes. Bacterial biofilms are 
virtually everywhere; examples include dental plaque, the 
slippery coating on a rock in a stream, and the slime that 
accumulates on the inner walls of various types of pipes 

bProbiotics should not be confused with prebiotics. Whereas 
probiotics are microorganisms, prebiotics are food ingredients 
with the capacity to improve health when metabolized by intes
tinal bllcterla. 
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and tubing. A bacterial biofilm often consists of a variety of 
species of bacteria plus a gooey extracellular matrix that the 
bacteria secrete, composed of polysaccharides, proteins, and 
nucleic acids. However, in some instances, a single species 
of bacteria can colonize a surface and form a biofilm. The 
bacteria grow in tiny clusters-called microcolonies-that are 
separated by a network of water channels. The fluid that 
flows through these channels bathes the micro colonies with 
dissolved nutrients and carries awaywaste products. Biofilms 
are composed of two categories of orgWsn1s (Fig. 1 0-4). 
Plan1ttonic (single-celled and free-swimming) bacteria are 

released from the sur&ce of the 
biofilm, have a normal me11bolism, 
and can colonize other surfaces 
to initiate further biofilm forma
tion. However, once the biofilm 
is established, the organisms 
undergo a transfonnation to a 

Figure 1 o-s. Scanning electron micrograph of a Staphy
lococcus aureus biofilm inside the lumen of an indwelling 
catheter. (Provided by Janice Carr and the CDC.) 

..J quiescent state and are referred 
to as "sessile.~ These organisms 

are protected from the effects of antibiotics and many of 
the host defense mechanisms. 

~llml~. Infections 
caused by organisms forming 
biofilms are very difficult to treat 
and require long-term antibiot
ics and occasionally surgery for 
eradication. 

Dental plaque consists of a 
community of microorganisms 
attached to various proteins and 
glycoproteins adsorbed onto 
tooth swfaces. If the plaque is 

.~ ~ 

Blofllms have been 
Implicated In dis
eases, such as 
endocarditis, cystic 
fibrosis, middle ear 
infections, kidney 
stones, periodontal 
disease, prosthetic 
joint infections. and 
prostate infections. 1 ._ ., 

Biofilms have medical significance. They form on bones, 
heart valves, tissues, and inanimate objects, such as artificial 
heart valves, urinary and intravenous catheters, and pros
thetic implants (Fig.l0-5). Biofilms have been implicated 
in diseases, such as endocarditis, cystic fibrosis, middle ear 
infections, kidney stones, periodontal disease, prosthetic 
joint infections, and prostate infections. It has been esti
mated that perhaps as many as 60% of human infections 
are caused by biofilms. Microbes commonly associated with 
biofilms on indwelling medical devices include the yeast C. 
lllbicans and bacteria such as S. aureus, coagulase-negative 
staphylococci, Entef"()(;(H;cus spp., Kkbsie/la pneu11111niae, and 

not removed, substances produced by these organisms 
can penetrate the tooth ename~ leading to cavities, and 
eventually causing soft tissue disease. 

Planktonic formation 

-

As previously mentioned, biofilms are very resistant to 
antibiotics, disinfectants, and certain types of host defense 

S88811a 
organisms 

Bloftlm 

surface - -formation, with monolayer and "mushroOm" formed of 
polysaccharide. Note oells 

starting to detach, reverting to 
plankton cells, and completing 

the cycle. 

production of 
"ssime" 

muHilayering 
cells 

Seasile orvaniema 
819 protected from 

antloblotlcs and 
immune responee 

Figure 1 0·4. Diagram 8howing1he development of a biofilm. 
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mechanisms. Antibiotics that, in the laboratory, have been 
shown to be effective against pure cultures of organisms 
within biofilms may be ineffective against those same 
organisms within an actual biofilm. Let us take penicillin 
as an example. Penicillin is an antibiotic that prevents 
bacteria from producing cell walls. In the laboratory, 
penicillin may kill actively growing cells of a particular 
organism, but it does not kill the sessile bacteria within 
the bio:film that are not growing (i.e., that are not actively 
building cell walls). Also, any penicillinases (discussed in 
Chapter 9) being produced by organisms within the bio
:film will inactivate the penicillin molecule and will thus 
protect other organisms within the biofilm from the effects 
of penicillin. Therefore, some bacteria that are present 
within the biofilm protect other species of bacteria within 
the biofilm. Biofilms are also protected from antimicrobial 
agents as a result of decreased penetration or diffusion of 
the agents into the biofilms. 

Another example of how bacteria within a biofilm 
cooperate with each other involves nutrients. In some 
biofilms, bacteria of different species cooperate to break. 
down nutrients that any single species cannot break down 
by itself. In some cases, one species within a biofilm feeds 
on the metabolic wastes of another. 

Biofilms are resistant to certain types of host defense 
mechanisms. For example, it is difficult for leukocytes to 

penetrate biofilms, and those that 
"" do penetrate seem. less efficient at 

phagocytizing bacteria within the 
bio6lm. Although the macrophages 
and leukocytes cannot ingest the 
bacteria, they do become activated 

Bacterta within blo
ftlms are protected 
from antibiotics 
and certain types 
of host defense 
mechanisms. .J and secrete toxic compounds that 

cause damage to nearby healthy 
host tissues. This phenomenon has been referred to as 
frustrmd pbflgOCYtosis. The biofilms also appear to suppress 
the ability of phagocytes to kill any biofilm bacteria that 
they do manage to ingest. 

Research has shown that bacteria within biofilms 
produce many different types of proteins that those same 
organisms do not produce when they are grown in pure 
culture. Some of these proteins are involved in the formation 
of the extracellular matrix and microcolonies. It is thought 
that bacteria in biofi.lms can communicate with each other. 
Experiments with P. tle1Uginom have demonstrated that when 
a sufficient number of cells accumulate, the concentration of 
certain signaling molecules becomes high enough to trigger 
changes in the activity of dozens of genes. Whereas in the 
past, scientists studied ways to control individual species of 
bacteria, they are now concentrating their efforts on ways 
to attack: and control biofilms. 

Synergism (Synergistic Infections) 
Sometimes, two or more J:Dicroorganisms may "team up" 
to produce a disease that neither could cause by itself. This 
is referred to as synugism or a synergistic relutimrhip. The 

STUDY AID 
Different Uses of the Term 
Synergism 

As was just explained, synergism can 
refer to the combined effects of more 
than one type of bacteria, as In syn-
ergistic infections. In this case, synergism is a bad 
thing! However, as you learned in Chapter 9, syner
gism can also refer to the beneficial effects of using 
two antibiotics simultaneously. With respect to antibi
otic use, a synergistic effect is a good thing because 
many more pathogens are killed by using a particular 
combination of two drugs than would be killed if ei
ther drug was used alone. 

diseases are referred to as synergistic When two or more 
~, 

inf«tiqns, polymicrobial infections, microbes "team 
or mixed infections. For example, up~ to produce a 
certain oral bacteria can work disease that neither 
together to cause a serious oral could cause by 
disease called acute necrotizing Itself, the phenom-
ulcerative gingivitis (also lmown enon is referred to 
as Vmcent disease and "trench as synergism or 
mouth"). Similarly, the disease a synergistic rela-

BV is the result of the combined tionship, and the 

efforts of several different species diseases they cause 
are referred to as of bacteria. synergistic infec-
tions, polymicrobial 

AGRICULTURAL infections, or mixed 
infections. 

I 

MICROBIOLOGY '- _, 

There are many uses for microorganisms in agriculture. 
They are used extensively in the field of genetic engineering 
to create new or genetically altered plants. Such genetically 
engineered plants might grow larger, be better tasting, or 
be more resistant to insects, plant diseases, or extremes in 
temperature. Some microorganisms are used as pesticides. 
Many microorganisms are decomposers, which return 
minerals and other nutrients to the soil. In addition, micro
organisms play major roles in elemental cycles, such as the 
carbon, oxygen, nitrogen, phosphorous, and sulfur cycles. 

Role of Microbes in Elemental Cycles 

Bacteria are exceptionally adaptable and versatile. They are 
found on the land, in all waters, in every animal and plant, 
and even inside other microorganisms (in which case they 
are referred to as mdosymbitmts). Some bacteria and fungi 
serve a valuable function by recycling back: into the soil 
the nutrients from dead, decaying animals and plants, as 
was briefly discussed in Chapter 1. Free-living fungi and 
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bacteria that decompose dead organic matter into inorganic 
materials are called saprophytes. The inorganic nutrient5 
that are returned to the soil are used by chemotrophic 
bacteria and plants for synthesis of biologic molecules 
necessary for their growth. The plants are eaten by animals, 
which eventually die and are recycled again with the aid of 
saprophytes. The cycling of elements by microorganisms 
is sometimes referred to as biogeochemical cycling. 

Good examples of the cycling of nutrients in nature 
are the nitrogen, carbon, oxygen, sulfur, and phosphorus 
cycles, in which microorganisms playvety important roles. 
In the nitrogen cycle (Fig. 10-6), free atmospheric nitro
gen gas (N 2) is converted by nitrogm-ftxing bt~Cteria and 
cyanobacteria into ammonia (NH3) and the ammonium 
ion (NH/). Then, chemolithotrophic soil bacteria, called 
nitrifYing ln«teriil, convert ammonium ions into nitrite ions 
(N02 -) and nitrate ions (N01 -). Plant5 then use the nitrates 
to build plant proteins; these proteins are eaten by animals, 
which then use them to build animal proteins. Excreted 
nitrogen-containing animal waste products {such as urea 
in urine) are converted by certain bacteria to ammonia by a 
process known as l1m'llllmijialti011. Also, dead plant and animal 
nitrogen-contlining debris and fecal material are transformed 
by saprophytic fungi and bacteria into ammonia, which, in 
,-- ~ turn, is converted into nitrites and 

The nitrogen nitrates for recycling by plants. 
cycle involves To replenish the free nitrogen in 
nitrogen-fixing the air, a group of bacteria called 
bacteria, nitrifying dmitrifjing baatrill convert nitrates 
bacter1a, and de-
nitrifying bacteria. to atmospheric nitrogen gas (N2). 

..J The cycle goes on and on. 

Some nitrogen-fixing bacteria (e.g., Rhizobium and 
Bradyrhizobium spp.) live in and near the root nodules 
of plants called legumes, such as alfalfa, clover, peas, 
soybeans, and peanuts (Fig. 1 0-7). These plants are often 
used in crop-rotation techniques by farmers to return 
nitrogen compounds to the soil for use as nutrients by 
cash crops. Nitrifying soil bacteria include Nitrosr/'J'IUm(IS, 
Nitrosospi'l"'l, Nitrosococcus, Nitrosolobus, and NitrobtKter 
spp. Denitrifying bacteria include certain species of 
Pseudomonas and B11cillus. 

Diller Soli Microbes 
In addition to the bacteria that play essential roles in ele
mental cycles, there are a multitude of other microbes in 
soil-bacteria (including cyanobacteria), fungi (primarily 
moulds), algae, protozoa, viruses, and viroids. Many of the 
soil microorganisms are decomposers. 

A variety of human pathogens live in soil, including 
various C~Mtridium spp. (e.g., ClostriJium ttttmi, the causative 
agent of tetanus; Clostridium botulinum, the causative agent 
of botulism; and the various Clortritlium spp. that cause gas 
gangrene). The spores of Bacillus tmthnzcis (the causative 
agent of anthrax) may also be ', 
present in soil, where they can The spores of many 
remain viable for many years. human pathogens 
Various yeasts (e.g., Cryptot:ot:cw can be found in soil, 
neofornums) and fungal spores including those of 
present in soil may cause human Clostridium spp., 
diseases after inhalation of the dust B. anthracis, and C. 

neoformans . 
that results from overturning dirt. "-- __..1 

Nitrogen 
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N~ 

Figure 10·8. The nitrogen cycle (eee text tor detalle). 
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Figure 1 0·7. Root nodules ot legumes. A. Soybean root nodules, which contain 
nitrogen-fixing Rhizobium bacteria. B. Nitrogen-fixing bacterfa (an"ows) can be seen In this 
cross section of a soybean root nodule. (Provided by of [A] http://en.wlklpedla.org and [B) 
http://commons.wlklmedla.org.) 

The types and amounts of microorganisms living in soil 
depend on many factors, including the amount of decaying 
organic material, available nutrients, moisture content, 
amount of oxygen available, pH, temperature, and the 
presence of waste products of other microbes. 

lnlactlous DlseaHS of Farm Animals 
Farmers, ranchers, and agricultural microbiologists are 
concerned about the many infectious diseases of farm 
animals-diseases that may be caused by a wide variety 
of pathogens (e.g., viruses, bacteria, protozoa, fungi, and 
helminths). Not only is there the danger that some of 
these diseases could be transmitted to humans (discussed 
in Chapter 11), but these diseases are also of obvious 
economic concern to farmers and ranchers. Fortunately, 
vaccines are available to prevent many of these diseases. 
Although a discussion of these diseases is beyond the 

Microbes cause 
many diseases of 
fann animals, wild 
animals, zoo ani
mals, and domestic 
pets. 

scope of this introductory mi
crobiology book, it is important 
for microbiology students to be 
aware of their existence. (Likewise, 
microbiology students should 
realize that there are many in-

_,J fectious diseases of wild animals, 
zoo animals, and domestic pets; 

topics that, because of space limitations, also cannot be 
addressed in this book..) Table 10-3 lists a few of the many 
infectious diseases of farm animals and the causative 
agents of those diseases. 

Microbial Diseases of Plants 

Category 

Prlon diseases Diseases of the nervous system such as 
bovine spongiform encephalopathy 
("mad cow disease") and scrapie 

Viral diseases Blue tongue (sore muzzle), bovine 
viral diarrhea (BVD), equine 
encephalomyelitis (sleeping sickneas), 
equine infectious anemia, foot-and
mouth disease, infectious bovine 
rhinotracheitis, influenza, rabies, 
swine pox, vesicular stomatitis, warts 

Bacterial Actinomycosis ("lumpy jaw"), anthrax, 
diseases blackleg, botulism, brucellosis \'Bang 

disease'j, campylobacteriosis, 
distemper (strangles), erysipelas, 
loot rot, fowl cholera, leptospirosis, 
llstertosls, mastitis, pasteurellosis, 
pneumonia, redwater (bacillary 
hemogloblnul1a), salmonellosis, 
tetanus (•lockjaw"), tuberculosis, 
vibriosis 

Fungal diseases Ringworm 
Protozoal Anaplasmosis, bovine trichomoniasis, 
diseases cattle tick fever (babesiosis), 

coccidiosis, cryptosporidiosis 

Three especially infamous plant Microbes cause 
diseases are Dutch elm disease thousands of differ-
( which, since its importation ent types of plant 
into the United States in 1930, diseases, such as 
has destroyed about 70% of the blights, cankers, 
elm trees in North America), late galls, leaf spots, mil-
blight of potatoes (which resulted dews, mosaics, rots, 
in the Great Potato Famine in rusts, scabs, smuts, 

't 

Ireland, 1845-1849), and wheat . and wilts. ·-rust (which destroys tons of wheat 
t __ , 

Microbes cause thousands of different types of plant 
diseases, often resulting in huge economic losses. Most 
plant diseases are caused by fungi, viruses, viroids, and 
bacteria. Not only are living plants attacked and destroyed, 
but microbes (primarily fungi) also cause the rotting of 
stored grains and other crops. Plant diseases have inter
esting names, such as blights, cankers, galls, leaf spots, 
mildews, mosaics, rots, rusts, scabs, smuts, and wilts. 

annually). Table 10-4lists the names of a few of the many 
plant diseases caused by microorganisms. 
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Examples of Plant Diseases Caused by Microbes 

Disee .. 

Bean mosaic disease 
Black spot of roses 
Blue mould of tobacco 
Brown patch of lawns 
Chestnut blight 
Citrus exocortls 
Cotton root rot 
Crown gall 
Downy mildew of grapes 
Dutch elm disease 
Ergot 

Pathogen 

Virus 
Fungus 
Fungus (a water mould) 
Fungus 
Fungus 
Vlrold 
Fungus 
Bacteria 
Fungus (a water mould) 
Fungus 
Fungus 

SOMETHING 
TO THINK 
ABOUT 

"As our planet warms, a world locked 
in pennafn:lst will come alive, and re

searchers worry the tiny inhabitants of 
the frczen soil will start churning out green
house gases, magnifying global warming." 

"'Nobody has looked at what hap-
pans to microbes when the permafrost 

thaws,' said Janet Jansson, a senior staff scientist at 
Lawrance Berkeley National Laboratory in California. 
She led a study that recorded what happened when 
chunks of Alaskan permafrost thawed for the first time 
in 1,200 years. 'We now have a picture, there wasn't 
really one before,' said Jansson, who along with her 
colleagues sequenced the genetic material of mi
crobes within frozen and thawed permafn:lst. Along the 
WI!IJI, they also discovered a new-to-science microbe 
and sequenced its entire genetic blueprint or genome. • 

"Permafrost is pretty much what it sounds like
soil that has been frozen for thousands or even hun
dreds of thousands of years-and it is packed with 
the dead plants and other once-living things present 
when the permafrost formed. Rising global tempera
tures thaw this organic matter, allowing microbes to 
begin breaking it down. In the process, they release 
greenhouse gases containing carbon. Scientists are 
particularly worried this process could pump a great 
deal of methane, which contains carbon and is a po
tent world warmer, into the atmosphere." 

"Because there is a lot of carbon tucked away in 
the permafrost, scientists have feared the melting of 
it could agg.ravate global wamring. Arctic permafrost, 
for example, is estimated to contain more than 250 
times the greenhouse gas emissions from the United 
States in 2009." (Parry W. 2011. Frozen microscopic 
worlds come alive as Earth warms. Available at 
http:llwww.livescience.com/16898-arctic-microbes
permafrost-climate-change.html.) 

Di .. ase 

Late blight of potatoes 
Mushroom root rot 
Potato spindle tuber 
Powdery mildews 
Tobacco mosaic disease 
Various leaf spots 
Various rots 
Various rusts 
Various smuts 
Wheat mosaic disease 
Wheat rust 

Pathogen 

Fungus (a water mould) 
Fungus 
Vlrold 
Fungi 
VIrus 
Bacteria and fungi 
Fungi 
Fungi 
Fungi 
VIrus 
Fungus 

MICROBIAL BIOTECHNOLOGY 

The United Nations Convention on Biological Diversity 
defines biotechnology as "any technological application 
that uses biological systems, living organisms, or deriv
atives thereof, to make or modify products or processes 
for specific use." Although not all areas of biotechnology 
involve microbes, microbes are used in many aspects of 
biotechnology. Some examples are listed as follows: 

• Production of therapeutic proteins. 
• Human genes are introduced (usually by transformation) 

into bacteria and yeasts. Such genetically engineered 
microorganisms have been used to produce therapeutic 
proteins, such as hwnan insulin, hwnan growth hor
mone, human tissue plasminogen activator, interferon, 
hepatitis B vaccine, tumor necrosis factor, interleukin-2, 
and prourokinase (used to dissolve blood clots). 

• Production of DNA vaccines. 
• DNA vaccines (also called gene vaccines) are presently 

only experimental. To prepare a DNA vaccine, a particular 
pathogen gene (let us use as an example the gene that 
codes for a specmc protein on a pathogen~ surface) is 
inserted into a plasmid (E. coli plasmids have been used). 
Copies of the plasmid are then injected (usually intra
muscularly) into a person's tissue. After cells within that 
tissue internalize the plasmids, the cells produce copies of 
the gene product (the pathogen~ sur&ce protein, in this 
example). The person~ immune system then produces 
antibodies against that gene product, and the antibodies 
protect the person from infection with that pathogen. 
The various ways in which antibodies protect us from 
pathogens are discussed in Chapter 16. 

• Production of vitamins. 
• Bacteria can be used as sources of vitamins B2 (ribo

flavin), B7 (biotin), B9 (folic acid), B12, and K2• 

• Use of microbial metabolites as antimicrobial agents and 
other types of therapeutic agents. 
• Penicillins and cephalosporins are examples of antibi

otics produced by fungi. Bacitracin, chloramphenicol, 
erythromycin, polymyxin B, streptomycin, tetracycline, 
and vancomycin are examples of antibiotics produced 
by bacteria. Recall that antibiotics were discussed in 
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Chapter 9. Other microbial metabolites ha~ been used 
as anticancer drugs, immunosuppressants, and herbicides. 

• Agricultural applications. 
• Certain microbial metabolites have microbicidal, 

herbicidal, insecticidal, or nematocidal activities. For 
example, a soil bacterium named Badllus subtilis se
cretes compounds with antifungal, antibacterial, and 
insecticidal activities. 

• Bacterial plasmids are used to introduce foreign genes 
into plants. Plants containing foreign genes are referred 
to as transgenic plants. Transgenic plants have been 
produced that are tolerant of or resisWlt to harsh 
environments, herbicides, insect pests, and viral, bac
terial, fungal, and nematode pathogens. For example, 
Btldllut thuringiensis is a bacterium that produces toxins 
capable of killing various plant pathogens (e.g., cater
pillar larvae). The genes that code for these toxins can 
be introduced into plants, thus protecting the plants 
from damage caused by these larvae. Tobacco, cotton, 
and tomato plants have been protected in this manner. 

• Food technology. 
• Microorganisms are used in the production of foods, 

such as acidophilus ~ bread, butter, cocoa, coffee, 
cottage cheese, cultured buttermilk, fish sauces, green 
olives, kimchi (from cabbage), meat products (e.g., 
country-cured hams, sausage, and salami), olives, 
pickles, poi (fermented taro root), sauerkraut, sour 
cream, soy sauce, tofu, various ripened cheeses (e.g., 
Brie, Camembert, Cheddar, Colby, Edam, Gouda, 
Gruyere, Limburger, Muenster, Parmesan, Romano, 
Roquefort, and Swiss), vinegar, and yogurt. 

• Yeasts are used in the production of alcoholic beverages, 
such as ale, beer, bourbon, brandy, cognac, rum, rye whis
key, sake (rice wine), Scotch whiskey, vodka, and wine. 

• Microbes are used in the commercial production of 
amino acids (e.g., alanine, aspartate, cysteine, glutamate, 
glycine, histidine, lysine, methionine, phenylalanine, 
and tryptophan) for use in the food industry. 

• Algae and fungi are used as a source of single-cell 
protein for animal and human consumption. 

• Production of chemicals. 
• Microbes can be used in the large-scale production of 

acetic acid, acetone, butanol, citric acid, ethano~ formic 
acid, glycerol, isopropanol, and lactic acid, as well as 
biofuels such as hydrogen and methane. 

• Biomining. 
• Microbes have been used in the mining of arsenic, cad

mium, cobalt, copper, nicke~ uranium, zinc, and other 
metals by a process known as leaching or bioleaching. 

• Bioremediation. 
• The term bkwemediation refers to the use of microor

ganisms to clean up various types of wastes, including 
industrial wastes and other pollutants (e.g., herbicides 
and pesticides). Some of the microbes used in this 
manner have been genetically engineered to digest 
specific wastes. For e:wnple, genetically engineered, 
petroleum-digesting bacteria were used to clean 
up the 11 million gallon oil spill in Prince William 

Sound, Alaska, in 1989. Akanivomx borkumensis, a 
marine bacterium that consumes hydrocarbons, was 
used to bioremediate the Deep Water Horizon oil 
spill in the Gulf of Mexico. At a government defense 
plant in Savannah River, Georgia, scientists have used 
naturally occurring bacteria known as methanottophs 
to remove highly toxic solvents such as trichloroeth
ylene and tetrachloroethylene (collectively referred 
to as TCEs) from the soil. The meth.anotrophs, which 
normally consume methane in the environment, were 
more or less "tricked" into decomposing the TCEs. In 
addition, microbes are used extensively in composting, 
sewage treatment, and water 
purification (see Chapter 11 ). 

• Other. 
• Microbial enzymes used in 

industry include amylases, 
cellulase, collagenase, lactase, 
lipase, pectinase, and proteases. 

• Two amino acids produced 
by microbes are used in the 
artificial sweetener called 
aspartame (NutraSweet). 
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? Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multipl•choice questions. 

1. A symbiont could be a(n): 
a. commensal 
b. opportunist 
c. parasite 
d. all of the above 

2. The greatest number and variety of indigenous 
microbiota of the human body live in or on the: 
a. colon 
b. GU tract 
c. mouth 
d. skin 

E coli living in the human colon can be 
considered to be a(n): 
a. endosymbiont 
b. opportunist 
c. symbiont in a mutuallstic relationship 
d. all of the above 

4. Which of the following sites of the human body 
does not have Indigenous mlcroblota? 
a. bloodstream 
b. colon 
c. distal urethra 
d. vagina 

S. Which of the following would be present in 
highest numbers in the indigenous microbiota of 
the human mouth? 
a. a-hemolytic streptococci 
b. ~hemolytic streptococci 
c. C. albicans 
d. S. aureus 

Which of the following would be present in highest 
numbers in the indigenous microbiota of the skin? 
a. C. 8/bicsns 
b. coagulase-negative staphylococci 
c. Enterococcus spp. 
d. E. coli 

7. The indigenous m icroblota of the external ear canal 
is most like the indigenous microbiota of the: 
a. colon 
b. mouth 
c. skin 
d. d istal urethra 

8. Which of the following are least likely to play a role 
in the nitrogen cycle? 
a. indigenous microblota 
b. nitrifying and denttrtfying bacteria 
c. nitrogen-fixing bacteria 
d. bacteria living in the root nodules of legumes 

Microorganisms are used in which of the following 
industries? 
a. antibiotic 
b. chemical 
c. food, beer, and wine 
d. all of the above 

10. The term that best describes a symbiotic 
relationship in which two d ifferent microorganisms 
occupy the same ecologic niche, but have 
absolutely no effect on each other is: 
a. commensalism 
b. mutualism 
c. neutralism 
d. parasitism 
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Artist rendering ot a worldwide viral 
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Anthrax 
Botulism 
Smallpox 
Plague 
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Dilposal 

Sources of Water 
Contamination 

Water Treatment 
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Primary Sewage Treatment 
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• Define epidemiology 
• Differentiate between infectious, communicable, and 

contagious diseases, and cite an example of each 

• List, In 1he proper order, the six components of the 
chain of infection 

• Differentiate between the incidence of a disease and 
the prevalence of a disease 

• Distinguish between sporadic, endemic, nonendemic, 
epidemic, and pandemic diseases 

• Name three diseases that are currently considered to 
be pandemics 

• Identify three examples of IMng reservoirs and three 
examples of nonliving reservoirs 

• List five modes of infectious disease transmission 
• List four examples of potential biologic warfare {BW) 

or bioterrorism agents 
• Outline the steps involved in water treatment 
• Explain what is meant by a coliform count and state 

its importance 
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EPIDEMIOLOGY 

lnlroductlon 
Both pathology and epidemiology can be loosely defined 
as the study of disease, but they involve different aspects of 
disease. A flllthologirt studies the structural and functional 
manifestations of disease and is involved in diagnosing diseases 
in individuals, whereas an epitlemiologirt studies the &ctors 
that determine the frequency, distribution, and detenninants 
of diseases in human populations. With respect to infectious 
diseases, these factors include the characteristics of various 
pathogens; susceptibility of different human populations re
sulting from overcrowding, lack of immunization, nutritional 
status, inadequate sanitation procedures, and other factors; 
locations (reservoirs) where pathogens are lurking; and the 
various ways in which infectious diseases are transmitted. It 
could be said that epidemiologists are concerned with the 
who, what, where, when, and why of infectious diseases: Who 
becomes infected? What pathogens are causing the infections? 

Where do the pathogens come 
from? When do certain diseases 
occur? VVh.y do some diseases 
occur in certain places but not in 
others? How are pathogens tr.ms
mitted? Do some diseases occur 
only at certain times of the year? 
If so, why? Epidemiologists also 
develop ways to prevent, control, 
or eradicate diseases in populations. 
Epidemiologists are concerned 
with all types of diseases-not 

just infectious diseases. However, only infectious diseases 
are discussed in this chapter. 

POTLIGHTING 

Epidemiologists are scientists who special
ize in the study of disease and injury pat
terns Oncidence and distribution patterns) 
in populations and ways to prevent or 

control diseases and injuries. Epidemiologists 
study virtually all types of diseases, including 
heart, hereditary, communicable, and zoonotic 

diseases and cancer. In some ways, epidemiolo
gists are like disease detectives, gathering and piecing 
together clues to determine what causes a particular 
disease, why it occurs only at certain times, and why 
certain people in a population get the disease whereas 
others do not. Quite often, epidemiologists are called 
on to track down the cause of epidemics and figure 
out how to stop them. Data collection and statisti-
cal analysis of data are among the many duties of 
epidemiologists. 

Epidemiologists have various educational 
backgrounds. Some are physicians, with special
ization in epidemiology or public health. Others 
have a Doctor of Philosophy degree (PhD or 
DPhiO, a Master of Science or Master of Public 
Health degree (MS or MPH), or a Bachelor of 
Science degree (e.g., RN or BSN degree) plus 
specialized training in epidemiology. Many epide
miologists are employed at public health agencies 
and health care institutions. The Centers for Dis
ease Control and Prevention (CDC) employs many 
epidemiologists and offers a 2-year postgraduate 
course to train health professionals as Epidemic 
Intelligence Service (EIS) officers. EIS officers, 
many of whom are employed at state health d• 
partments, conduct epidemiologic investigations, 
research, and public health surveillance. To learn 
more about the EIS, visit CDC website: http:// 
www.cdc.gov/eis. 

Epidemiologic Tenninology 

It sometimes seems like epidemiologists speak a language all 
their own. They frequently use terms such as communicable, 
contagious, and zoonotic diseases• the incidence, morbidity 
rate, prevalence, and mortality rate of a particular disease; 
and adjectives such as sporadic, endemic, epidemic, and 
pandemic to describe the status of a particular infectious 
disease in a given population. The following sections briefly 
examine these terms. 

Communicable and Contagious Diseases 
As previously stated, an infectious disease (infection) is a 
disease that is caused by a pathogen. If the infectious disease 
is transmissible from one human to another (i.e., person 
to person), it is called a communicable disease. Although 
it might seem like splitting hairs, a contagious disease is 
defined as a commwlicable disease that is easily t:rllfJJ'mitted 

from one person to another. Let us consider the following 
example: assume that you are in the front row of a movie 
theater. One person seated in the back row has gonorrhea 
and another has influenza, both of which are communicable 
diseases. The person with influenza is coughing and sneezing 
throughout the movie, creating an aerosol of infl.uem:a viruses. 
Thus, even though you are seated &r away from the person 
with influenza, you might very well develop influenza as a 
result of inhalation of the aerosols produced by that person. 
Influenza is a contagious disease. On the other hand, you 
would not contract gonorrhea as a result of your movie-going 
experience. Gonorrhea is not a contagious disease. 

Another way of looking at the ability of an organism tD 
cause disease is by looking at how many infectious particles 
it takes tD cause an infection or tD result in death. Fallowing 
experimental studies, the virulence of a pathogen can be 
described in terms called the ID50 or LD50• The ID50 is the 



infective dose that it takes to infect SO% of a population. The 
LD50 is the lethal dose that results in the death of 50% of the 
population. In the previous emnple, it might take only one 
airborne influenza virus to initiate the infed:ion, whereas with 
gonorrhea, it would take direct mucous membrane contact 
with at least 1,000 bacteria (Ntimria gtmf!IThQelle) to cause 
the disease. Thus, influenza would be considered a highly 
contagious disease, whereas gonorrhea would be considered 
a communicable disease. An important one nonetheless! 

ZOOnotic Dlle1111 
Infectious diseases that humans acquire from animal sources 
are called zoonotic diseases or zoonoses (sing., zoonosis). 
These diseases are discussed later in this chapter. 

Incidence and Morbidity Rate 
The incidence of a particular disease is defined as the number 
of new cases of that disease in a defined population during a 
specific time period; for example, the number of new cases of 
chlamydia in the United States during 2016. The incidence 
of a disease is similar to the morbidity rate for that disease, 
which is usually expressed as the nwnber of new cases of a 
particular~ that occurred during a specified time period 
and per a specifically defined population (usually per 100,000 
population). For example, in the United States, for 2016: 

The incidence of chlamydia was 1,598,3 54 new cases. 

The morbidity rate of chlamydia was 497 per 100,000 
population (for every 100,000 citizens, you would 
expect to find 497 cases of chlamydia). 

Prevalence 
There are two types of prev:alence: period prevalence and 
point prevalence. The period prevalence of a particular 
disease is the number of cases of the disease existing in a 
given population during a specific time period (e.g., the total 
nwnber of cases of gonorrhea that existed in the U.S. pop
ulation during 2017). The point prevalence of a particular 
disease is the number of cases of the disease existing in a given 
population at a particular moment in time (e.g., the number 
of cases of malaria in the U.S. population at this moment). 

STUDY AID 
Infectious Versus 
Communicable 
Diseases 

Infectious diHases (Infec
tions) are diseases caused 
by pathogens. Communicable diseases are infectious 
diseases that can be transmitted from one human to 
another (I.e., person to person). Contagious diseases 
are communicable diseases that are easily transmit-
ted from one person to another. 
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Mortality Rate 
Mortlllity refers to death. The mortality rate (also known as 
the defltb mte) is the ratio of the number of people who died 
of a particular disease during a specified time period per a 
specified population (usually per 1,000, lO,OOO,or 100,000 
population); for enmple, the number of people who died 
of a particular disease in 2017 per 100,000 U.S. population. 

Sporadic Diseases 
A sporadic disease is a disease that A sporadic disease 
occurs only rarely and without is a disease that 
regularity (sporadically) within occurs only rarely 
the population of a particular and without regu-
geographic area. In the United larlly (sporadically) 
States, sporadic diseases include wHhln the popula-
botulism ch 1 la tion of a particular , o era, mumps, p gue, 

d h d feve Qui geographic area, 
tetanus, an typ oi r. . te whereas an endemic 
often, certain diseases occur only disease is a dis-
sporadically because they are kept ease that is always 
under control as a result ofimmu- present within that 
nization programs (mumps and population. , 
tetanus) and sanitary conditions \....:..._ - ' 
(cholera). It is possible for outbreaks of these controlled 
diseases to occur whenever vaccination programs and public 
infrastructure maintenance are neglected. 

Endemic Dl&e1111 
Endemic diseases are diseases that are always present within 
the population of a particular geographic area. The number 
of cases of the disease may fluctuate ~r time, but the disease 
n~r dies out completely. Endemic infed:ious diseases of the 
United States include bacterial diseases such as tuberculosis 
(fB); staphylococcal and streptococcal infections; sexually 
transmitted diseases (STDs) such as chlamydia, gonorrhea, 
and syphilis; and viral diseases such as the common cold, 
herpes, infiuenza, and respiratory syncytial virus (RSV). 
In some parts of the United States, plague (caused by a 
bacterium called Yminia pestis) is endemic among rats, 
prairie dogs, and other rodents, but is not endemic among 
humans. Plague in humans is only occasionally observed 
in the United States and is, therefore, a sporadic disease. 
The actual incidence of an endemic disease at any par
ticular time depends on a balance among several factors, 
including the environment, the genetic susceptibility of 
the population, behavioral factors, the number of people 
who are immune, the virulence of the pathogen, and the 
reservoir or source of infection. 

Epidemic Diseases 
Endemic diseases may on occasion 
become epidemic diseases. An 
epidemic (or outbreak) is defined 
as a greater than usual number 
of cases of a disease in a partic
ular region, usually occurring 
within a relatively short period 
of time. A good example of an 

r 'I 
Epidemic diseases 
are diseases that 
occur in a greater 
than usual number 
of cases in a par
ticular region and 
usually occur within 
a relatively short 
period of 1ime. 
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HISTORICAL 
NOTE 
The Broad Street Pump 

In the mid-19th century, a British physician 
by the name of John Snow designed and 
conducted an epidemiologic investigation of 

a cholera outbreak in London. He carefully 
compared households affected by chol
era with households that were unaffected 
and concluded that the primary difference 

between them was their source of drinking 
water. At one point in his investigation, he ordered 
the removal of the handle of the Broad Street water 
pump, thus helping to end an epidemic that had killed 
more than 500 people. People were unable to pump 
(and, therefore, unable to drink) the contaminated 
water. He published a paper, On the Communication 
of Cholera by Impure Thames Water, in 1884, and a 
book, On the Mode of Communication of Cholera, 
in 1885. He concluded that cholera was spread via 
fecally contaminated water. The water at the Broad 
Street pump was being contaminated with sewage 
from the adjacent houses (Fig. 11-1). Snow is consid
ered by many to be the "Father of Epidemiology." 

epidemic is the worldwide outbreak of inftuenza during 
the summer and early fall of 2009 caused by a new strain 
of Influenza A. However, an epidemic does not necessarily 
involve a large number of people, although it might. If 
a dozen people develop staphylococcal food poisoning 
shortly after their return from a church picnic, then that 
constitutes an epidemic-a small one, to be sure, but an 
epidemic nonetheless. 

The following are a few of the epidemics that have 
occurred in the United States within the past 20 years: 

• 2002 to 2003. An epidemic of West Nile virus (WNV) 
infections OCCWTed throughout the United States in 2002, 
resulting in more than 4,100 human cases and 284 deaths. 
The 2002 WNV epidemic was the largest recognized 
arboviral meningoencephalitis epidemic in the Westem 
Hemisphere and the largest WNV meningoencephalitis 
epidemic ever recorded. However, the 2003 WNV epi
demic was even worse, with a total of9,862 cases and 264 
deaths.Another significant outbreak ofWNV occurred in 
the United States in 2012 with over 5,000 cases reported 
to the CDC. 

• 2003. An outbreak of monkeypox infections occurred 
throughout the Mid-West. A total of71 confinned or 
probable cases were identified with some hospitalizations 
but no deaths. The source of the outbreak was traced 
to prairie dogs sold as pets. The prairie dogs became 
infected after contact with infected animals imported 
from Africa as exotic pets. 

Figure 11-1. Thames Water, an etching by William Heath, c.1828. This etching is a sat
Ire on the contamination of the water supply. A London commission reported In 1828 that the 
Thames River water at Chelsea was "charged with the contents of the gnilat common-sewers, 
the drainings of the dunghills and laystalls, [and] the refuse of hospitals, slaughlerhousas, and 
manufactures." (Zigrosser C. Medicine and the Artist [Ars Medica]. New York, NY: Dover Publi
cations, Inc.; 1970. By permission of the Philadelphia Museum of Art.) 



• 2012. A multistate outbreak of fungal meningitis was 
linked to contaminated lots of an injectable steroid 
produced at a compounding pharmacy.. The outbreak 
led to 64 deaths among 753 cases. The patients were 
infected with a mould called Exserobilum rostmtum, which 
is usually associated with soils and plants. 

• 201 S. A large multistate outbreak of measles was linked 
to exposures that occurred at an amusement park in 
California. A total of 125 cases were reported from eight 
states; Mexico and Canada were eventually linked to a 
tourist from the Philippines. 

• 2017. A multistate outbreak of Seoul virus, a member 
of the Hantavirus family that primarily infects rats, 
was identffi.ed in at least 17 patients, 2 of whom were 
hospitalized. The outbreak was linked to a pet distri
bution center. 

• 2017-Mumps. In the first quarter of2017, significant 
increases in cases of mumps had occurred throughout 
the United States, with over 200 cases reported in Texas, 
mostly associated with school outbreaks. The state of 
Washington had recorded almost 800 cases since an 
outbreak began in October 2016, and almost 3,000 cases 
of mumps were under investigation in Arkansas since an 
outbreak began in August 2016. Mumps cases fluctuate 
greatly through the United States, with almost 6,000 
cases reported by the CDC in 2016 compared to only 
229 cases in 2012. 

• Waterborne disease outbreaks. Such outbreaks 
occur annually in the United States, associated with 
both drinking water (referred to as "potable") and 
water that is not intended for drinking (referred to 
as "nonpotable" or "recreational water"). The CDC 
(described later in this chapter) have presented data 
associated with 32 drinking water disease outbreaks and 
90 recreational water outbreaks that occurred during 
2011 and 2012!·b Of the 30 drinking water outbreaks 
where etiologic agents were identified,24 were associated 
with bacteria, 2 with viruses, 2 with parasites, 1 with a 
chemical, and 1 with both a bacterium and a parasite. 
The majority of bacterial outbreaks were caused by 
Legionellll pneumophila. Of the 73 recreational water 
outbreaks where etiologic agents were identified, 41 
were caused by parasites, 21 by bacteria, 5 by viruses, 
4 by chemicals or toxins, and 2 by multiple etiology 
types. Cryptosporillium (a protozoan parasite) was con
firmed as the etiologic agent of 41% of the recreational 
water outbreaks. 

• Foodborne disease outbreaks. It is estimated that 
there are approximately 48 million cases of foodborne 
illnesses in the United States each year. However, only 
about 10 million have an etiologic agent identified and 
reported to health authorities. According to the CDCc 

•Morbidny 111U1Mort/1Jit;y Week& Ripon~. 2015;64:842-848. 

"Mwbidhy tmJMort4/ity Wed:()' &port (MMWR). 2015;64:668-671. 

"CDC. StJ.rOtilltma for R:JoJIJtJme Disease Outhrntlcs, UmuJ StilUs, 
2014,A'Imlllll Ripon. Adana., GA: US Dept. of Health and Human 
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during 2014, a total of864 foodborne disease outbreaks 
were reported, resulting in 13,2 46 cases of illness, 712 
hospitalizations, 21 deaths, and 21 food recalls. Among 
the 665 outbreaks with a single laboratory-confirmed 
etiologic agent, norovirus was the most commonly re
ported, accounting for 284 of the outbreaks. Sa/mqnelJII 
was second, accounting for 149 of outbreaks. Some 
(but not all) of the other pathogens associated with 
foodbome outbreaks during 2014 were Shiga-to:rin 
producing Escheriebia coli (STEC; 24 outbreaks), CbJs
tridium peifringens (30 outbreaks), CampybJbll&ter (31 
outbreaks), Bad/Jus cernJS (15 outbreaks), Shigella (16 
outbreaks), and Staphyke«cus enterotoxin (17 outbreaks). 
The food commodities most often implicated were 
beef, dairy, fish, and poultry. These and other epidemics 
have been identified through constant surveillance and 
accumulation of data by the CDC. Epidemics usually 
follow a specific pattern, in which the number of cases 
of a disease increases to a maximum and then decreases 
rapidly, because the number of susceptible and exposed 
individuals is limited. 

Epidemics may occur in communities that have not 
been previously exposed to a particular pathogen. People 
from populated areas who travel into isolated communi
ties frequently introduce a new pathogen to susceptible 
inhabitants of that community, after which the disease 
spreads rapidly. Over the years, there have been many 
such examples. The syphilis epidemic in Europe in the 
early 1500s might have been caused by a highly virulent 
spirochete carried back from the West Indies by Columbus' 
men in 1492. Also, measles, smallpox, and TB introduced 
to Native Americans by early explorers and settlers almost 
destroyed many tribes. 

In communities in which normal sanitation practices 
are relaxed, allowing fecal contamination of water supplies 
and food, epidemics of typhoid fever, cholera, giardiasis, 
and dysentery can occur. Visitors to these communities 
should be aware that they are especially susceptible to these 
diseases because they never developed a natural immunity 
by being exposed to them during childhood. 

Influenza ("fiu") epidemics occur in many areas 
during certain times of the year and involve most of the 
population because the immunity developed in prior 
years is usually temporary. Thus, the disease recurs each 
year among those who are not revaccinated or naturally 
resistant to the infection. According to the World Health 
Organization (WHO), the 2009 pandemic of swine fiu 
(also known as pandemic H1N1) lcilled more than 18,000 
people worldwide. The CDC reported that 22 million 
Americans had contracted the virus, 98,000 required 
hospitalizations, and about 3,900 died ofH1N1-related 
causes. 

Since 197 6, Ebola virus has caused a number of severe 
epidemics of hemorrhagic fever, primarily in African countries. 

Setvices, CDC; 2016. 
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The largest outbreak ever recorded occurred in 2014 to 
2015 in the West African countries of Guinea, Liberia, and 
Sierra Leone. A total of 28,616 cases with 11,310 deaths 
were recorded. Other outbreaks have occurred in Uganda 
(425 cases with 224deatbs in 200~2001),Zaire (318 cases 
with 280 deaths in 197 6), the Democratic Republic of 
Congo (315 cases with 250 deaths in 1995 and 264 cases 
with 187 deaths in 2007), and Sudan (284 cases with 151 
deaths in 1976). Between 25% and 90% of infected patients 
have died in these epidemics. The likely source of the virus 
for the Ebola outbreaks is human contact with fruit bats. 
Ebola ecology and transmission is illustrated in Figure 11-2. 

In a hospital setting, a relatively small number of infected 
patients can constitute an epidemic. If a higher than usual 
number of patients on a particular ward should suddenly 
become infected by a particular pathogen, this would 
constitute an epidemic, and the situation must be brought 
to the attention of the Hospital Infection Prevention and 
Control Committee (discussed in Chapter 12). 

Pandemic Diseases 
A pandemic disease is a disease that occurs in epidemic 
proportions in many countries simultaneously-sometimes 
worldwide. The 1918 Spanish flu pandemic was the most 

fbo la Vi rus ecoJogy and Transmissi1on 

devastating pandemic of the 20th century and is the ca
tastrophe against which all modern pandemics are measured. 
This 1918 pandemic killed more than 20 million people 
worldwide, including 500,000 in 
the United States. Almost every 
nation on Earth was affected. In 
the past, influenza pandemics 
were often named for the point 
of origin or first recognition, such 
as the Taiwan flu, Hong Kong flu, 
London flu, Port Chalmers flu, ,_ .J 
and the Russian flu. Sometimes 
the name is derived from a crossover event from animals 
or poult:ry. such as the "swine flu" or "avian" or "bird flu.'' 

Two pandemic diseases that have circulated worldwide 
since 2014 are caused by Chikungunya virus and Zika virus. 
These diseases will be discussed further in Chapter 18. 
Both have their origins in Africa, but have been spreading 
throughout the world. Each is transmitted by the Aedes 
mosquito. Chik:ungunya is an infection that causes severe 
joint pain. Significant outbreaks have occurred throughout 
the Caribbean since 2014 with a least one report of local 
transmission in Florida. Zib arrived in South America from 
the Pacific islands in 2015 and has been spreading steadily 
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northward through Central America and the Caribbean. 
Local transmission of Zika has been documented in Texas 
and Florida, although most cases diagnosed in the United 
States have been travel related. Zika virus causes a febrile, 
rash-lilre illness, but is responsible for two significant 
postinfection sequelae. Some patients have developed 
Guillain-Barre syndrome that results in a partial paralysis 
that may take months to recover from, but, in rare cases, 
can cause permanent paralysis and even death. The most 
significant feature ofZika infection is the development of 
microcephaly (small head) in babies born to women who 
were infected during pregnancy. In each of these outbreaks, 
the pandemic has occurred because the viruses have been 
spread to a susceptible population in an area of the world 
that had never encountered the viruses before. 

According to the WHO, infectious diseases are re
sponsible for approximately half of the deaths that occur 
in developing countries; approxi-
mately half of those are caused by Collectively, HIV/ ~~ 
three infectious diseases-human AIDS, TB, and 
immunodeficiencyvirus/acquired malaria cause more 
immunodeficiency syndrome (HIV I than 300 million 
AIDS), TB, and malaria-each of illnesses and more 
which is currendy occurring in than 5 million deaths 
pandemic proportions. CoHee- .._per year. ) 
tively, these three diseases cause 
more than 300 million illnesses and more than 5 million 
deaths per year. 

HIV/AJDS. Although the first documented evidence of 
lllV infection in humans can be traced to an African serum 
sample collected in 1959, it is possible that humans were 
infected with InV before that date. The AIDS epidemic 
began in the United States around 1979, but the epidemic 
was not detected until 1981. It was not until1983 that 
InV-the virus that causes AIDS-was discovered. InV 
is thought to have been transferred to humans from other 
primates (chimpanzees in the case of HIV-1, and sooty 
mangabeys [a type of Old World monkey] in the case of 
InV-2). Common modes oflllV transmission are shown 
in Figure 11-3.AIDS can take 10 to 15 years to develop, 
following mv infection. Additional information about 
AIDS can be found in Chapter 18. The following statistics, 
which should prove sobering to anyone who thought that 
AIDS was "on the run," were obtained from the WHO and 
CDC websites (http://www.who.int/ and http://www.cdc 
. gov, respectively): 

• mv has claimed more than 3 5 million lives over the 
past three decades. 

• The total number of people living with mv worldwide 
in 2015 was estimated to be 36.7 million. Almost 70% 
of people living with HIV are in sub-Saharan Africa. 

• The global AIDS pandemic killed an estimated 1.1 million 
people worldwide in 2015 (over 3,013 AIDS deaths per 
day). 
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Figura 11·3. Common modes of HIV transmiHion. 
(Redrawn from Harvey RA, at al. Uppincott's IHustTBted 
Reviews: Microbiology. 3rd ed. Philadelphia, PA: Uppincott 
Williams & Wilkins; 2013.) 

• In2016, an estimated 39,782 people in the United States 
were diagnosed with :mv infection. Since the epidemic 
began, it is estimated that over 1.2 million people in the 
United States have been diagnosed with AIDS. 

• According to the CDC, an estimated 1.1 million peo
ple in the United States are currendy living with HIV 
infection. One in seven of those people are unaware of 
their infection. 

HISTORICAL 
NOTE 
AIDS In the United States 

It has been stated that the AIDS 
epidemic in the United States 
officially began with publication 

of the June 5, 1981, issue of 
Morbidity and Mortality Weekly 
Report (MMWR). That issue 
contained a report of fiVe cases 

of Pneumocystis carinii pneumo
nia (PCP) in male patients at the UCLA Medical Center . 
The PCP infections were later shown to be the result 
of a disease syndrome, which in September 1982 was 
named acquired immunodeficiency syndrome or AIDS . 
It was not until1983 that the virus that causes AIDS
now called human Immunodeficiency virus or HIV
was discovered. By the end of 2016, over 630,000 
Americans (more than those who had died in World 
Wars I and II combined) had died of AIDS. (Note that 
P. carinii is now called Pneumocystis jirovecii.) 
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'JUberculosls. Another current pandemic is TB. To compli
cate matters, many strains of Mye6bllderium tub~ (the 
bacterium that causes TB) have developed resistance to the 
drugs that are used to treatTB. TB caused by these strains 
is known as multidrug-n:.rintmt tubercul6sis (MDR-TB) or, in 
some cases, extensively drug-resistant tuberctll6sis (XDR-TB). 
Some strains of M. tubercul6sis have developed resistance 
to every drug and every combination of drugs that has 
ever been used to treatTB. MDR-TB and XDR-TB are 
present in virtually all regions of the world, including the 
United States. According to the WHO, China, India, and 
the Russian Federation have the highest occurrence rates of 
MDR-TB.Additional information aboutTB can be found 
in Chapter 19. The following sta.tisti.cs were obtained from 
the WHO and CDC websites: 

• Among infectious diseases, TB is second only to InV/ 
AIDS as the greatest killer worldwide because of a single 
infectious agent. 

• TB is a worldwide pandemic. In 2015, 10.4 million people 
fell ill with TB and 1.8 million died ofTB. 

• Six countries account for 60% of the totil. India has the 
largest number of cases, followed by Indonesia, China, 
Nigeria, Pakistan, and South Africa. 

• In 2015, MDR-TB is present in virtually all countries 
surveyed, and approximately 480,000 people developed 
MDR-TB. 

• About one-third of the world~ population has latent 
TB, which means people who have been infected by 
TB bacteria but are not (yet) ill with disease and cannot 
transmit the disease. 

• In 201 S, an estimated 1 million children b~ame infected 
with TB, and 170,000 children died of the disease. 

• TB is a leading killer among people infected with IIIV; 
causing 35% of all HIV deaths. 

• In 2015, 9,557 new U.S. cases ofTB were reported to 
the CDC. The number of reported TB cases in 2015 was 
actually a 1.6% increase in cases from the previous year, 
although the incidence of3.0 per 100,000 was unchanged. 
The CDC reported a tot21 o£493 U.S. TB deaths in 2014. 

Afalatfa. Malaria is the fifth leading cause of death from in
fectious diseases worldwide (after respiratory infections, HIV/ 
AIDS, diarrheal diseases, and TB). The following statistics 
were obtained from the WHO and CDC websites.Additional 
information about malaria can be found in Chapter 21. 

• About half the world's population (3 .3 billion people) live 
in areas at risk of malaria transmission in 109 countries 
and territories. 

• A total of 3 5 cOWl tries (30 in sub-Saharan Africa and 5 
in .Asia) accOWlt for 98% of global malaria deaths. 

• There were about 212 million cases of malaria world
wide in 2015. 

• In 2015, malaria caused an estimared 429,000 deaths world
wide, with most cases occurring among African children. 
Malaria is the second leading cause of death from infectious 

diseases in Africa, after HIV/ AIDS. In 2015, 303,000 chil
dren under the age of 5 died from malaria with 292,000 of 
these occurring in Africa. This equates to a child under the 
age of S dying from malaria every 2 minutes. 

• On average, 1, 700 cases of malaria are reported each 
year in the United Sta.tes. 

• The majority of malaria cases diagnosed in the United 
States are in persons who acquired the infection outside 
the country. 

• Mosquito-borne malaria does occur in the United Sta.tes, 
but only rarely. In virtually all cases, the mosquito vectors 
hearne infected by biting persons who had acquired 
malaria outside the United Sta.tes. 

INTERACTIONS BETWEEN PATHOGENS, 
HOSTS, AND ENVIRONMENTS 

'Whether or not an infectious disease occurs depends on 
many factors, some of which are listed here: 

1. Factors pertaining to the pathogen: 
• The virulence of the pathogen (Vuulence will be 

discussed in Chapter 14. Virulence is a measure or 
degree of pathogenicity; some pathogens are more 
virulent than others.) 

• A way for the pathogen to enter the body (i.e., Is there 
a portal of entry?) 

• The number of organisms that enter the body (i.e., 
Will there be a sufficient number to cause infe<:tion?) 

2. Factors pertaining to the host (i.e., the person who may 
become infected): 

• The person's health status (e.g., Is the person hospi
talized? Does he or she have any underlying illnesses? 
Has the person undergone invasive medical or surgical 
procedures or catheterization? Does he or she have 
any prosthetic devices?) 

• The person's nutritional status 
• Other factors pertaining to the susceptibility of the 

host (e.g., age, lifestyle [behavior], socioeconomic 
level, occupation, travel, hygiene, substance abuse, and 
immune status [immunizations or previous experience 
with the pathogen]) 

3. Factors pertaining to the environment: 
• Physical factors such as geographic location, climate, 

heat, cold, humidity, and season of the year 
• Availability of appropriate 

reservoirs (discussed later in r '~ 
this chapter), intermediate 
hosts (discussed in Chapter 21), 
and vectors (discussed later 
in this chapter) 

• Sanitary and housing conditions, 
adequate waste disposal, and 
adequate health care 

• Availability of potable (drink-
able) water '- ) 



CHAIN OF INFECTION 

There are six components in the infectious disease process 
(also known as the chain uf infoction). They are illustrated 
in Figure 11-4 and are listed here: 

1. There must first be a pathogen. As an example, let us 
assume that the pathogen is a cold virus. 

2. There must be a source of the pathogen (i.e., a reservoir). 
In Figure 11-3, the infected person on the right ("Andy") 
is the reservoir. Andy has a cold. 

3. There must be a portal of exit (i.e., a way for the patho
gen to escape from the reservoir). When Andy blows his 
nose, cold viruses get onto his hands. 

4. There must be a mode of transmission (i.e., a way for 
the pathogen to travel from Andy to another person). 
In Figure 11-4, the cold virus is being transferred by 
direct contact between Andy and his friend ("Bob")-by 
shaking hands. 

5. There must be a portal of entry (i.e., a way for the patho
gen to gain entry into Bob). When Bob robs his nose, the 

The six components 
in the chain of infec
tion are (a) a patho
gen, (b) a reservoir 
of infection, (c) a 
portal of exit, (d) a 
mode of transmis
sion, (e) a portal of 
entry, and (f) a sus
ceptible host. 

Susceptible 
ho8t 

( 
Bob 

Portal of 

cold virus is transferred from his 
hand to the mucous membranes 
ofhisnose. 
6. There must be a susceptible 

host. For example, Bob would 
not be a susceptible host (and 
would, therefore, not develop 
a cold) if he had previously 
been infected by that particular 
cold vims and had developed 
immunity to it. 

Figure t t -4. The six components In the Infectious disease 
process, alao known ae the chain of Infection. 
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STRATEGIES FOR BREAKING THE 
CHAIN OF INFECTION 

To prevent infuctions from occurring, measures must be 
taken to break the chain of infection at some point (link) 
in the chain. Strategies for breaking the chain of infection 
are discussed in detail in Chapter 12. Some of the broad 
goals are to 

• eliminate or contain the reservoirs of pathogens or curtail 
the persistence of a pathogen at the source 

• prevent contact with infectious substances from exit 
pathways 

• eliminate means of transmission 
• block exposure to entry pathways 
• reduce or eliminate the susceptibility of potential hosts 

Some of the specific methods of breaking the chain of 
infection are 

• practicing effective hand hygiene procedures 
• maintaining good nutrition and adequate rest and re-

duce stress 
• obtaining immunizations against common pathogens 
• practicing insect and rodent control measures 
• practicing proper patient isolation procedures 
• ensuring proper decontamination of surfaces and medical 

instruments 
• disposing sharps and infectious wastes properly 
• using gloves, gowns, masks, respirators, and other personal 

protective equipment, whenever appropriate to do so 
• using needle safety devices during blood collection 

RESERVOIRS OF INFECTION 

The sources of microbes that cause 
Reservoirs of infec
tion may be living 
hosts or Inanimate 

infectious diseases are many and 
varied. They are known as reservoirs 
of infection or simply reservoirs. 
A reservoir is any site where the obJects or materfals. , 

~ , 
pathogen can multiply or merely 
survive until it is transferred to a host. Reservoirs may be 
living hosts or inanimate objects or materials (Fig. 11-5). 

Uvlng Rasarvolrs 

Living reservoirs include humans, household pets, farm 
animals, wild animals, certain insects, and certain arachnids 
(ticks and mites). The human and animal reservoirs may or 
may not be experiencing illness caused by the pathogens 
they are harboring. 

Human Garrlen 
The most important reservoirs of human infectious diseases 
are other humans-people with infuctious diseases as well 
as carriers. A carrier is a person who is colonized with a 
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Figure 11-&. Reservoirs of infection include soil, dust, contaminated water, con
taminated foods, and insects, as well as infected humans, domestic animals, and 
w11d animals. 

particular pathogen, but the pathogen is not currendy 
causing disease in that person. However, the pathogen can 
be transmitted from the carrier to others, who may then 
become ill. There are several types of carriers. 

• Passive carriers carry the pathogen without ever having 
had the disease. They are said to be asymptomatic. Passive 
carriers can also be uninfected but can transfer infectious 
agents from infected persons to uninfected ones by hand 
and instrument contact. 

• An incubatory carrier is a person who is capable of 
transmitting a pathogen during the incubation period 
of a particular infectious disease. 

• Convalescent carriers harbor and can transmit a particular 
pathogen while recovering from an infectious disease 
(i.e., during the convalescent period). 

• Active carriers have completely recovered from the dis
ease, but continue to harbor the pathogen indefinitely 
(e.g., see the following "Historical Note"). 

Respiratory secretions or feces are usually the vehicles by 
,.--------. ..., which the pathogen is transferred, 

either dired:ly from the carrier to a 
susceptible individual or indired:ly 
through food or water. Human 
carriers are very important in 
the spread of staphylococcal and 
streptococcal infections as well as 
hepatitis, diphtheria, dysentery, 
meningitis, pertussis (whooping 
cough), and STDs. 

Animals 
As previously stated, infectious diseases that humans 
acquire from animal sources are called zoonotic diseases 

HISTORICAL 
OTE 

~hoid Mary•: An 
Infamous Carrier 

Mary Mallon was a domestic 
employee-a cook-who 

worked in the New York City 
area in the early 1900s. She 
had recovered from typhoid 
fever earlier in life. Although 

no longer ill, she was a carrier. 
Salmonella typhi, the causative agent of typhoid 
fever, was still living in her gallbladder and passing 
in her feces. Apparently, her hygienic practices 
were inadequate, and she would transport the 
Salmonella bacteria via her hands from the 
restroom to the kitchen, where she then unwittingly 
introduced them into foods that she prepared. 
After several typhoid fever outbreaks were traced 
to her, she was offered the choice of having her 
gallbladder removed surgically or being jailed. 
She opted for the latter and spent several years 
in jail. She was released from jail after promising 
never to cook professionally again. However, the 
lure of the kitchen was too great. She changed 
her name and resumed her profession in various 
hotels, restaurants, and hospitals. As in the past, 
"everywhere that Mary went, typhoid fever was 
sure to follow." She was again arrested and spent 
her remaining years quarantined in a New York City 
hospital. She died in 1938 at the age of 70. 



or zoonoses. Many pets and other animals are important 
reservoirs of zoonoses. Zoonoses are acquired by direct 
contact with the animal, by inhalation or ingestion of the 
pathogen, or by injection of the pathogen by an arthropod 
vector. Measures for the control of zoonotic diseases include 

Zoonotic diseases 
(zoonoses) are In
fectious diseases 
that humans ac-

-, the use of personal protective 
equipment when handling animals, 
animal vaccinations, proper use of 
pesticides, isolation or destruction 
of infected animals, and proper 

quire from animal disposal of animal carcasses and 
~-so_u_r_ces_. ____ J waste products. 

ExampiH of Zoonoses. Dogs, ca~, bats, raccoons, 
slrunlcs, and other animals are .lmown reservoirs of rabies. 
The rabies virus is usually transmitted to a human through 
the saliva that is injected when one of these rabid animals 
bites the human. Cat and dog bites often transfer bacteria 
from the mouths of these animals into tissues, where severe 
infections may result. Toxoplasmosis, a protozoan disease 
caused by Toxoplasma grmtlii, can be contracted by ingesting 
oocysts from cat feces that are present in litter boxes or 
sand boxes, as well by ingesting cysts that are present in 
infected raw or underoooked meats. Toxoplasmosis may 
cause severe brain damage to, or death of, the fetus when 
contracted by a woman during her first trimester (first 3 
months) of pregnancy. The diarrheal disease, salmonellosis, 
is frequendy acquired by ingesting Salmtme/Ja bacteria from 
the feces of turdes, other reptiles, and poultry. A variant form 

Category Disease Pathogen 

Viral Avian influenza ("bird flu") An influenza virus 
diseases 

Equine encephalitis Various arbcviruses 
HPS Hantaviruses 

Lassa fever Lassavirus 

Marburg disease Marburg virus 

Rabies Rabies virus 

Yellow fever Yellow fever virus 
WNV encephalitis WNV 

Bactetial Anthrax Bacillus anthtacls 
diseases 

BovineTB Mycobacterium bovis 
Brucellosis Brucella spp. 
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of Creut:zfeldt-J akob (CJ) disease in humans, called variant 
CJ disease, may be acquired by ingestion of prion-infected 
beef from cows with bovine spongiform encephalopathy 
("mad cow diseasej. Persons skinning rabbits can become 
infected with the bacterium Frrmcise/Ja tuiMmsis and develop 
tularemia. Contact with dead animals or animal hides could 
result in the inhalation of the spores of Bacilltu tmthracis, 
leading to inhalation anthrax, or the spores could enter a 
cut, leading to cutaneous anthrax. Ingestion of the spores 
could lead to gastrointestinal ant:hru:. Psittacosis or "parrot 
fever" is a respiratory infection that may be acquired from 
infected birds (usually parakeets and parrots). 

The most prevalent zoonotic infection in the United 
States is Lyme disease (discussed under section "Arthropods"), 
one of many arthropod-borne zoonoses. (Arthropod-home 
diseases are diseases that are transmitted by arthropods.) 
Other zoonoses that occur in the United States include 
brucellosis, campylobacteriosis, cryptosporidiosis, echi
nococcosis, ehrlichiosis, HPS, leptospirosis, pasteurellosis, 
plague, Q fever, ringworm, spotted 
fever rickettsiosis, and various (-Thera are over 200 1 

viral encephalitides (e.g., West
ern equine encephalitis, Eastern 
equine encephalitis, St. Louis 

known zoonoses
diseases that can be 
transmitted from an-

encephalitis, California enceph- imals to humans. 
'- ) 

alitis, and WNV encephalitis). 
Some of the more than 200 known zoonoses are listed in 
Table 11-1. Consult Chapter 12 for a discussion of health 
care-associated zoonoses. 

Mode of Tranemiaaion 

Birds Direct or indirect contact with 
infected birds 

Birds, small mammals Mosquito bite 
Rodents Inhalation of contaminated dust 

or aerosols 
Wild rodents Inhalation of contaminated dust 

or aerosols 
Monkeys Contact with blood or tissues 

from Infected monkeys 
Rabid dogs, cats, Animal bite or inhalation 

skunks, foxes, 
wolves, raocoons, 
coyotes, bats 

Monkeys Aedes aegypti mosquito bite 
Birds Mosquito bite 
Cattle, sheep, goats Inhalation, Ingestion, entry 

through cuts, contact with 
mucous membranes 

Cattle Ingestion 
Cattle, swine, goats Inhalation, ingestion of contam-

inated milk, entry through 
cuts, contact with mucous 
membranes 

(continued) 
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Category Disease Pathogen Animal Re•rvolr(s) Mode of Transml88lon 
Campylobacteriosis Campylobacter spp. Wild mammals, cattle, Ingestion of contaminated food 

sheep, pets and water 
Cat-scratch disease Bartonella henselae Domestic cats cat scratch, bite, or lick 
Ehr1ichiosis Ehrlichia spp. Deer, mice TICk bite 
Endemic typhus Rickettsia typhi Rodents Fleabite 
Leptospirosis Leptospira spp. Cattle, rodents, dOSJS Contact with contaminated 

animal urine 
Lyme disease Borrelia burgdorferi Deer, rodents TICk bite 
Pasteurellosis Pasteurella multocida Oral cavities of animals Bites, scratches 
Plague Yersinia pestis Rodents Fleabite 
Psittacosis (ornithosis, Chlamydophila psittaci Parrots, parakeets, Inhalation of contaminated dust 

parrot fever) other pet birds, and aerosols 
pigeons, poultry 

Relapsing fever Borrelia spp. Rodents TICk bite 
Rickettsial pox Rickettsia akari Rodents Mite bite 
Spotted fever Rickettsia rickettsii Rodents, dogs TICk bite 

rickettsiosis 
Salmonellosis Salmonella spp. Poultry, livestock, Ingestion of contaminated 

reptiles food, handling reptiles 
Scrub typhus Orlentla tsutsugamushi Rodents Mtteblte 
Tularemia Franc/sella tufarensfs Wild mammals Entry through cuts, Inhalation, 

tick or deer fly bite 
Qtever Coxleffa bumetll Cattle, sheep, goats Tick bite, air, mild contact with 

infected animals 
Fungal Sporotrichosis Sporothrix schenckii, Cats, armadillos Contact with animals 

diseases Spotothrix 
brasiliensis 

Histoplasmosis Histoplasma Bats, pigeons Inhalation of spores in conlam-
cspsulawm inated soil from bat, pigeon 

droppings 
Penicilliosis Talaromyces {Penicil- Perhaps rats Contact with infected animals 

lium) mamsffei or the environment 
Tinea (ringworm) infections various dermatophytes various animals Contact with infected animals 

Including dogs 
Protozoal African trypanosomiasis Subspecies of Trypano- Cattle, wild game Tsetse fly bite 

diseases somabrucel animals 
American trypanosomiasis Trypanosoma cruzJ Numerous wild and Trypomastlgotes In the feces of 

(Chagas disease) domestic animals, reduvlld bug are rubbed Into 
Including dogs, cats, bite wound or the eye 
and wild rodents 

Babesiosis Babe.sfa mfcrotl Deer, mice, voles Tick bHe 
Leishmaniasis Lelshmsnfa spp. Rodents, dogs Sandfly bile 
Toxoplasmosis Toxoplasma gond/1 Cats, pigs, sheep, Ingestion of oocysts In cat te-

rarely cattle ces or cysts in raw or under-
cooked meat 

Helminth Echinococcosis {hydatid Echinococcus Dogs Ingestion of eggs 
diseases disease) granulosis 

Dog tapeworm infection Dipylidium caninum Dogs, cats Ingestion of flee containing the 
larval stage 

Rat tapeworm infection Hymenolepis diminuta Rodents Ingestion of beetle containing 
the larval stage 

HPS, Hantavlru• pulmonary 4Yndrome; lB, tuben:uloelt; WNII, Wett Nile virus. 



Arlllrapods 
Technically, arthropods are animals, but they are being 
discussed here separately from other animals because, as 
a group, they are so commonly associated with human 
infections. Many different types of arthropods serve as 
reservoirs of infection, including insects (e.g., mosquitoes, 
biting flies, lice, and fleas) and arachnids (e.g., mites and 
ticks). When involved in the transmission of infectious 
diseases, these arthropods are referred to as vectors. The 
arthropod vector may first take a blood meal from an 
infected person or animal and then transfer the pathogen 
to a healthy individual Take Lyme disease, for example, 
which is the most common arthropod-home disease in 
the United States. First, a tick takes a blood meal from an 
infected deer or mouse (Fig. 11-6). The tick is now infi::cted 
with BtwTtlia bu.rgtlorfrri, the spirochete that causes Lyme 
disease. Sometime later, the tick takes a blood meal from 
a human and, in the process, injects the bacteria into the 
human. Ticks are especially notorious vectors (Fig. 11-7). 
In the United States, there are at least 10 infectious diseases 
that are transmitted by ticks (see the adjacent "Study Aid"). 
Other arthropod-home infectious diseases are listed in 
Table 11-2. Chapter 21 contains additional information 
about arthropods. 

Figure 11·8. 1htnemll81on ot Lyme dleease. Borrelia burg
dorferl, the causative agent of Lyme disease, Is maintained In 
natura in rodents and deer. When a tick feeds on an infected 
animal and then feeds on a human, the organism can cause 
the disease. Lyme disease is considered a zoonotic disease 
but not a communicable disease (compare to Ag. 11-13). 

Figure 11·7. Male Rocky Mountain wood 11ck, Delma
centw •ndenlonl. A known vector of Rickettsia rlcketl$11, the 
etiologic agent of spotted fever rickettsiosis. (Provided by Dr. 
Christopher Paddock and the CDC.) 
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Vectora Dieeaee(s) 

Black flies (Simulium Onchocerciasis rrtver blindness") (H) 
spp.) 

Cyclops spp. 

Fleas 

Lice 

Mites 
Mosquitoes 

Reduvlld bugs 

Sand flies 
(PhlebotomU8 
spp.) 

Ticks 

Tsetse flies (Glossina 
spp.) 

Fish tapeworm Infection (H), guinea 
worm infection (H) 

Dog tapeworm infection (H), en
demic typhus (B), murine typhus 
(B), plague (B) 

Epidemic relapsing fever (B), epi
demic typhus (B), trench fever (B) 

Rickettsial pox (B), scrub typhus (B) 
Chikungunya (V), dengue fever (V), 

filariasis ("elephantiasis") (H), 
malaria {P), viral encephalitis (V), 
yellow fever (V), zlka (V) 

American uypanosomlasls {Chagas 
disease) (P) 

Leishmaniasis (P) 

Anaplasmosis (B), babesiosis (P), 
Colorado tick fever (V), ehrli· 
chiosis (B), Lyme disease (B), 
relapsing fever (B), spotted fever 
rickettsiosis (B), tularemia (B) 

African trypanosomiasis (P) 

B, bacterial disease; H. helminth disease; P. protozoal disease; V, viral 
dieease. 

STUDY AID 
Tick-Borne Diseases of the 
United States 

Viral diseases 
Colorado tick fever 
Powassan virus encephalitis 

Bacterial diseases 
Human granulocytic anaplasmosis 
Human monocytic ehrlichiosis 
Lyme disease 
Qfever 
Spotted fever rickettsiosis 
Tick-borne relapsing fever 
Tularemia 

Protozoal disease 
Babesiosis 
(In addition to serving as vectors in these infectious 

diseases, ticks can cause tick paralysis.) 
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Nonliving Reservoirs 
~.------~.., Nonliving or inanimate reservoirs 

Air, soil, dust, food, 
milk, water, and fo
mites are examples 
of nonliving or Inan
imate reservoirs of 
infection. 

of infection include air, soil, dust. 
food, milk, water, and fomites 
(defined later in this chapter). 
Air can become contaminated by 
dust or respiratory secretions of 

.J humans expelled into the air by 
brea~g.~g,&ne~,and 

coughing. The most highly cont2gious diseases include 
colds and influenza, in which the respiratory viruses can 
be transmitted through the air on droplets of respiratory 
tract secretions. Air currents and air vents can transport 
respiratory pathogens throughout health care facilities and 
other buildings. Dust particles can carry spores of certain 
bacteria and dried bits of human and animal excretions 
conWning pathogens. Bacteria cannot multiply in the air, 
but can easily be transported by airborne particles tn a warm, 
moist, nutrient-rich site, where they can multiply. Also, 
some fungal respiratory diseases (e.g., histoplasmosis and 
mucormycosis) are frequently transferred by dust containing 
conidia or spores. Soil contains the spores of the ClastriJium 
species that cause tetanus, botulism, and gas gangrene. Any 
of these diseases can follow the introduction of spores into 
an open wound. 

Food and milk. Dl2Y be contaminated by careless han
dling, which allows pathogens to enter from soil, dust 
particles, dirty hands, hair, and respiratory secretions. If 
these pathogens are not destroyed by proper processing 
and cooking, diarrhea and gastroenteritis can develop. As 
stated previously, foodbome diseases cause approximately 
48 million illnesses per year in the United States. Diseases 
frequently transmitted through foods and water are amebi
asis (caused by the ameba, Entamoeba hismlytit:a), botulism 
(caused by the bacterium, Cla.rtritJium botulinum), campy
lobacteriosis (caused by Campylollllaerjejum), C. perfringens 
food poisoning, infectious hepatitis (caused by hepatitis A 

virus), salmonellosis (caused by Sahmmella spp.), shigellosis 
(caused by Shigella spp.), staphylococcal food poisoning, 
and trichinosis (a helminth disease, caused by ingesting 
Trichinella spinllis larvae in pork). Other common foodbome 
and waterborne pathogens are listed in Table 11-3. 

Human and animal fecal matter from outhouses, cesspools, 
and feed lots is often carried into water supplies. Improper 
disposal of sewage and inadequate treatment of drinking water 
contribute to the spread of fecal and soil pathogens. Fomites 
are inanimate objects capable of transmitting pathogens. 
Fomites found within health care settings include patients' 
gowns, bedding, towels, eating and drinking utensils, and 
hospital equipment. such as bedpans, stethoscopes, latex 
gloves, electronic thermometers, and electrocardiographic 
electrodes, which become conta.miwlted by pathogens from 
the respiratory tract, intestinal tract, or the skin of patients. 
Even telephones, doorknobs, and computer keyboards can 
serve as fomites. Great care must be taken by health care 
personnel to prevent transmission of pathogens from living 
and nonliving reservoirs to hospitalized patients. 

MODES OF TRANSMISSION 

Health care professionals must be thoroughly familiar 
with the sources (reservoirs) of potential pathogens and 
pathways for their transfer. A hospital st2phylococcal epi
demic may begin when aseptic conditions are relaxed and 
when a Staphylocoa:us au.rms carrier transmits the pathogen 
to susceptible patients (e.g., babies, surgical patients, de
bilitated persons). Such an infection could quickly spread 
throughout the entire hospital population. 

The five principal modes by which l::rulSDlission of patho
gens occurs are contact (either direct or indirect), droplet, 
airborne, vehicular, and vector transmission (Fig. 11-8 and 
Table 11-4). Droplet transmission involves the transfer of 
pathogens via infectious droplets (particles 5 J.LD1 in diameter or 
larger). Droplets may be generated by coughing, sneezing, and 

Pathogens Commonly lhlnsmmad via Food and Water 

Pathogen 

Campylobacter jejuni (bacterium) 
Cryptosporidium parvum, Cryptosporidium 

hominis (protozoan) 
Cycfospora cayetanensls (protozoan) 
E. coli 0157:H7 (bacterium) and other 

STEC strains 

Giardia duodena/is (also called Giardia Iamblia 
and Giardia intestinaJis) (protozoan) 

Usterie monocytogenes (bacterium) 
Sslmonella enteritidis (bacterium) 
Sa/monel/a typhlmutfum DT-104 (bactertum) 
Shigella spp. (bacteria) 

Vehicle 

Chickens 
Drinking water 

Drinking water, raspbenles 
Meats, produce contaminated by 

manure In growing fields 
(e.g., sprouts), drinking water 

Drinking water 

Soft cheeses and deli meats 
Eggs 
Unpasteurized milk 
Drinking water 

Comments 

Highly resistant to disinfectants 
used to purify drinking water 

Moderately resistant to 
disinfectants used to purify 
drinking water 

Resistant to many antibiotics 

~~----------------------------------------------------------------------------J 
Note: Additional pathogens transmitted In food and water are mentioned In the text. 



Figure 11·8. Modes of dleeaee 
tranamleslon. 

Route of Exit 

Skin 

Respiratory 
secretions 

Gastrointestinal 
secretions 

Saliva 
Genital secretions 

Blood 

Zoonotic 

Route of Transmission or Entry 

Skin discharge ~ air ~ respiratory tract 

Skin to skin 
Aerosol droplet Inhalation 

Nose or mouth ~hand or object ~nose 
Feces~ hand ~ mouth 

Stool ~son, food, or water~ mouth 
Direct salivary transfer 
Urethral or cervical secretions 
Semen 
Transfusion or needlestlck InJury 
Insect bite 
Animal bite 
Contact with animal carcasses 
Arthropod 
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Diseases 

Chickenpox, colds, lnftuenza, measles, staph and strep 
Infections 

Impetigo, eczema, bolls, warts, syphilis 

~~ Ill 

Colds, Influenza, pneumonia, mumps, measles, chickenpox. 
1B 

Gastroenteritis, hepatitis, salmonellosis, shigellosis, typhoid 
fever, cholera, giardiasis, amebiasis 

Hefl)es cold sore, Infectious mononucleosis, strep throat 
Gonorrhea, herpes, Chlamydia infection 
Cytomegalovirus Infection, AIDS, syphilis, warts 
Hepatitis B and c. cytomegalovirus Infection, malaria, AIDS 
Malaria, relapsing fever 
Rabies 
Tularemia, anthrax 
Spotted fever rickettsiosis, Lyme disease, typhus, viral en- I 

eephalltls, yellow fever. malaria, plague 
'·-----------===============================~-----------------------------=====~--/ 
lB, tuberculosis. 

The five principal 
modes by which 
transmission of 
pathogens occurs 
are contact (either 
direct or indirect), 
droplet, airborne, 
vehicular, and vector 
transmission. 

-, even talking. Airborne transmissi.o.n 
involves the dispersal of droplet 
nuclei, which are the residue of 
evaporated droplets, and are smaller 
than 5 J.1m in diameter. Vehicular 
transmission involves contaminated 
inanimate obj~ ("vehicles"), such 
as food, water, dust, and fomites. 

; Vectors include various types of ... _______ . biting insects and arachnids. 

Commwlicable diseases-infectious diseases that are 
transmitted from person to person-are most commonly 
transmitted in the following ways: 

• Direct skin-to-skin contact. For example, the common 
cold virus is frequently transmitted from the hand of 
someone who just blew his or her nose to another person 
by hand shaking. Within hospitals, this mode of transfer 
is particularly prevalent, which is why it is so important 
for health care professionals to wash their hands before 
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and after every patient contact. Frequent handwashing 
will prevent the transfer of pathogens from one patient 
to another. 

• Direct mucous membrane-to-mucous membrane 
contact by kissing or sexual intercourse. Most STDs 
are transmitted in this manner. STDs include syphilis, 
gonorrhea, and infections caused by Chlllmydia, herpes 
simplex virus, and HN. Chlamydial genital infections are 
especially common in the United States; in fact, they are 
the most common nationally notifiable infectious diseases 
in the United States. (Nationally notifiable infectious 
diseases are discussed later in this chapter.) 

• Indirect contact via airborne droplets of respiratory 
secretions, usually produced as a result of sneezing 
or coughing. Most contagious airborne diseases are 
caused by respiratory pathogens carried to susceptible 
people in droplets of respiratory secretions. Some re
spiratory pathogens may settle on dust particles and be 
carried long distances through the air and into a build
ing's ventilation or air-conditioning system. Improperly 
cleaned inhalation therapy equipment can easily transfer 
these pathogens from one patient to another. Diseases 
that may be transmitted in this manner include colds, 
influenza, measles, mumps, chickenpox, RSV infection, 
and pneumonia. 

• Indirect contact via food and water contaminated with 
fecal material. Many infectious diseases are transmitted 
by restaurant food handlers who fail to wash their hands 
after using the restroom. 

• Indirect contact via arthropod vectors. Arthropods, 
such as mosquitoes, flies, :fleas, lice, ticks, and mites, can 
transfer various pathogens from person to person. 

• Indirect contact via fomites that become contami
nated by respiratory secretions, blood, urine, feces, 

Cup 

Eadng ull!nslls 

wmrltus, or exudates from hospitalized patiena. 
Fomites, such as stethoscopes and latex gloves, are some
times the vehicles by which pathogens are transferred 
from one patient to another. Examples of fomites are 
shown in Figure 11-9. 

• Indirect contact via transfusion of contaminated blood 
or blood products from an ill person or by ptWmtmll 
injection (mjection directly into the bloodstream) 
using nonsterile syringes and needles. One reason 
why disposable sterile tubes, syringes, and various other 
types of single-use hospital equipment have become very 
popular is that they are effective in preventing blood-borne 
infections (e.g., hepatitis, syphilis, malaria, AIDS, and 
systemic staphylococcal infections) that result from reuse 
of equipment. Individuals using illegal intravenous drugs 
conunonly transmit these diseases to each other by sharing 
needles and syringes, which easily become contaminated 
with the blood of an infected person. 

PUBLIC HEALTH AGENCIES 

Public health agencies at all levels constantly strive to prevent 
epidemics and to identify and eliminate any that do occur. 
One way in which health care personnel participate in this 
massive program is by reporting cases of communicable 
diseases to the proper agencies. They also help by educat
ing the public, explaining how diseases are transmitted, 
explaining proper sanitation procedures, identifying and 
attempting to eliminate reservoirs of infection, carrying 
out measures to isolate diseased persons, participating in 
immunization programs, and helping to treat sick persons. 
Through these measures, smallpox and poliomyelitis have 
been totilly or nearly eliminated in most parts of the world. 

Wound dressings 

Figure 11-8. Various medical Instruments and apparatus lhat may serve as Inanimate vectora of 
~lon (romltee). 



The World Health Organization 
The 'WHO, a specialized agency of the United Nations, 
was founded in 1948. I~ missions are to promotl': technical 
cooperation for health among nations, carry out programs 
to control and eradicate diseases, and improve the quality 
of human life. When an epidemic strikes, such as the 2015 
Ebola outbreak in Western Africa, teams of epidemiologists 
are sent to the site to investigate the situation and assist in 
bringing the outbreak under control. Because of this assis
tance, many countries have been successful in their fight 
to control smallpox, diphtheria, malaria, trachoma, and 
numerous other diseases. At one time, smallpox killed about 
40% of those infected and caused scarring and blindness in 
many others. In 1980, the 'WHO announced that smallpox 
had been completely eradicated &om the &ce of the Earth; 
hence, routine smallpox vaccination is no longer required. d 

More recently, the WHO has been attempting to eradicate 
polio and dracunculiasis (Guinea worm infection); to elim
inate leprosy, neonatal tetanus, and Chagas disease; and to 
control onchocerciasis ("river blindness"). WHO definitions 
of control, elimination, and eradication of disease are pre
sented in Table 11-S. The WHO is currently attempting to 
eradicate polio. Thus &r, polio has been eradicated from the 
Western Hemisphere (including the United States). Certi
fication of total eradication requires that no wild poliovirus 
be found through optimal surveillance for at least 3 years. At 
the present time, the only countries with an uninterrupted 
history of polio cases are Afghan.istan, Nigeria, and Pakistan. 

The Centen for Disease Control and Prevention 
In the United States, a federal agency called the U.S. Depart
ment of Health and Human Services administers the Public 

-

WHO Definitions of Epidemiologic 
Terms Relating to lnfec11ous Diseases 

Tenn Definition 
Control of an Ongoing operations or programs 

infectious disease aimed at reducing the incidence 
or prevalence of that disease 

Elimination of an The reduction of case transmission 
infectious disease to a predetermined very low 

level (e.g., to a level below one 
case per million population) 

Eradication of an Achieving a status where no 
Infectious disease further cases of that disease 

occur anywhere and where 
continued control measures are 
unnecessary 

WHO, World HeaHh Organization. 

clBecause smallpox: virus is a potential biotettorism agent, public 
health authorities have authorized the manufacture and stock
piling of smallpox: vaccine, to be administered in the event of an 
emergency. 
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Health Service and CDC, which assist state and local health 
departments in the application of all aspects of epidemiology. 
Many microbiologists and epidemiologists work at the CDC 
headquarters in Atlanta, Georgia. Microbiologists at the CDC 
are able to work with the most dangerous pathogens known 
to science because of the elaborate containment facilities 
that are located there. CDC epidemiologists travel to areas 
of the United States and elsewhere in the world, wherever 
and whenever an epidemic is occurring, to investigate and 
attempt to control the epidemic. 

When the CDC was first established as the Commu
nicable Disease Center in Atlanta, Georgia, in 1946, i~ 
focus was communicable diseases. The two most important 
infectious diseases in the United States at that time were 
malaria and typhus. Since then, the CDC~ scope has been 
expanded greatly, and the organization now C?ns~sts of 
approximately two dozen offices, centers, and msfltutes. 
The CDC~ overall mission is "collaborating to create the 
expertise, infonuation, and tools that people and comm~
ties need to protect their health-through health promotton, 
prevention of disease, injury and disability, and preparedness 
for new health threats" (http://www.cdc.gov). The CDC 
seeks to accomplish i~ mission by working with partners 
throughout the nation and the world to 

1. monitor health, 
2. detect and investigate health problems, 
3. conduct research to enhance prevention, 
4. develop and advocate sound public health policies, 
5. implement prevention strategies, 
6. promote healthy behaviors, 
7. foster safe and healthful environmen~, and 
8. provide leadership and training. 

One of the CDC offices-the Office of Infectious 
Diseases-coordinates the activities of the following three 
national centers: 

• National Center fur Immunization and Respiratory 
Diseases 

• National Center for Emerging and Zoonotic Infectious 
Diseases 

• National Center for HIV/AIDS, Vrral Hepatitis, STD, 
and TB Prevention 

Certain infectious diseases, referred to as nationally 
notifiable diseases, must be reported to the CDC by all 50 
states whenever they are diagnosed.e (As of January 2017, 
there were approximately 65 nationally notifiable diseases; 
most of them are discussed in Chapters 18 through 21.) 
Ten of the most common nationally notifiable infectious 
diseases in the United States are listed in Table 11-6. Note 
that three of the four most commonly reported diseases in 

eA noti6able disease is one for which regular, frequent, and timely 
information regarding individual cases is considered necess:ary 
for the prevention and control of the disease. Notifiable disease 
reporting protects the public's health by ensuring the proper 
identification and follow-up of cases. 
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Ranking 

2 
3 
4 
5 
6 

7 

8 
9 

10 

"2016 cases. 
"2014 casas. 

Disease 

Genital chlamydia! 
infections 
Gonorrhea 
Salmonellosis 
HIV diagnosis 
Lyme disease 
Pertussis (whooping 
cough) 
Syphilis (primary and 
secondary) 
Shigellosis 
Streptococcus 
pneumonfae, InvasiVe 
disease, drug resistant 
Varicella (chickenpox) 

Number of U.S. 
Cases Reported 
(2014) 

1,598,354• 

468,514• 
51,45511 

39,872• 
33,46111 

32,67111 

27,814• 

20,74511 

15,35611 

10,17211 

Source: The Centers for Disease Con1701 (CDC}, Atlanta, GA (http:!/ 
www.cdc.gov). 

2014 to 2015 are se:mally transmitted (chlamydia! infections, 
gonorrhea, and syphilis), and two of the top 10 diseases are 
vaccine preventable (pertussis and chickenpox [Varicella]). 

The CDC prepares a weekly publication entitled Mor
bidity and Mortlllity 'Weekly Report (M'MWR), which contains 
timely information about infectious disease outbreaks in 
the United States and other parts of the world, as well 
as cumulative statistics regarding the number of cases of 
nationally notifiable infectious diseases that have occurred 
in the United States during the current year. Students of 
the health sciences are encouraged to read MMWR, which 
is accessible at the CDC website (http://www.cdc.gov). 

Through the efforts of these public health agencies, wurking 
with local physicians, nurses, other health care professionals, 
educators, and community leaders, many diseases are no lon
ger endemic in the United States. Some of the diseases that 
no longer pose a serious threat to U.S. oommunities include 
cholera, diphtheria, malaria, polio, smallpox, and typhoid fever. 

The prevention and control of epidemics is a never-ending 
community goal. To be effective, it must include measures to 

• increase host resistance through the development and 
administration of vaccines that induce active immunity 
and maintain it in susceptible persons; 

• ensure that persons who have been exposed to a pathogen 
are protected against the disease (e.g., through injections 
of y-globulin or antisera); 

• segregate, isolate, and treat those who have contracted a 
contagious infection to prevent the spread of pathogens 
to others; 

• identify and control potential reservoirs and vectors of 
infectious diseases; this control ma:y be accomplished by 

prohibiting healthy carriers &om working in restaurants, 
hospitals, nursing homes, and other institutions where they 
may transfer pathogens to susceptible people and by instituting 
effective sanitation measures to control diseases transmitted 
through water supplies, sewage, and food (including milk). 

BIOTERRORISM AND BIOLOGIC 
WARFARE AGENTS 

Sad to say, pathogenic microbes sometimes wind up in the 
hands of terrorists and extremists who want to use them to 
cause harm to others. In times of war, the use of microbes 
in this manner is called biologic warfAre (BW), and the mi
crobes are referred to as biologic: warfare agents. However, 
the danger does not exist solely during times of war. The 
possibility that members of terrorist or radical hate groups 
might use pathogens to create fear, chaos, illness, and death 
always ezists. These people are refetted to as biologic ter
rorists or bioterrorists, and the specific pathogens they use 
are referred to as bioterrorism agents. In 1984, a group in 
Oregon called the Rajneeshee sect purposefully contami
nated salad bars at local restaurants with Saktumella, thereby 
sickening 751 people. Their purpose was to incapacitate the 
voting population of the city so their own candidates would 
win the county elections. Although their plan failed to elect 
their own candidates, this incident (-------.. 
remains the largest bioterrorist 
attack in U.S. history. 

Four of the pathogens most 
often discussed as potential BW 
and bioterror:ism agents are B. 
antbmcis, C. botulinum, smallpox 
virus (~rio/a ~or), and Y. pestis, 
the causative agents of anthrax, 
botulism, smallpox, and plague, 
respectively. 

HISTORICAL 
NOTE 
Biologic Warfare Agents 

The use of pathogens as BW 
agents dates back thousands of 
years. Ancient Romans threw 

carrion (decaying dead bodies) 
into wells to contaminate the 
drinking water of their enemies. 
In the Middle Ages, the bodies 

of plague victims were catapulted 
over city walls in an attempt to infect the inhabitants 
of the cities. Early North American explorers provided 
Native Americans with blankets and handkerchiefs that 
were contaminated with smallpox and measles viruses. 



Anlbrax 
Anthrax is caused by B. anthracis, a spore-forming, 
Gram-positive bacillus. People can develop anthrax in 
several ways (Fig. 11-10), resulting in three fonns of the 
disease, namely, cutaneous anthrax, inhalation anthrax, 
and gastrointestinal anthrax. Anthrax infections involve 
marked hemorrhaging and serous effusions (fiuid that has 
escaped from blood or lymphatic vessels) in various organs 
and body cavities and are frequently fatal. Of the three 
forms of anthrax, inhalation anthrax is the most severe, 
followed by gastrointestinal anthrax and then cutaneous 
anthrax. Patients with cutaneous anthrax develop lesions 
called eschars (Fig. 11-11). Bioterrorists could disseminate 
B. tmtlmJcis spores via aerosols or contamination of food 
supplies. In the fall of2001, letters containing B. anthmcis 
spores were mailed to several politicians and members of 
the news media. According to the CDC, a total of22 cases 
of anthrax resulted: 11 cases of inhalation anthrax (with 
five fatalities) and 11 cases of cutaneous anthrax (with no 
fatalities). Undoubtedly, many additional cases were pre
vented as a result of prompt prophylactic (preventative) 
antibiotic therapy. 

Botulism 
Botulism is a potentially fatal microbial intoxication, 
caused by botulinum to::rin, a neuroto::rin produced by 
C. botulinum. C. botulinum is a spore-forming, anaerobic, 

Bloterrorllm 
Pulm011ary 
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Fltu,. '11·11. Black anthrax le81on (eechar) on a paUent'e 
forearm. The name of the disease comes from the Greek word 
anth18X, which means "coal," in reference to the black skin 
lesions of anthrax. (Provided by James H. Steele and the CDC.) 

Gram-positive bacillus. Botulinum to::rin may cause nerve 
damage, visual difficulty, respiratory failure, flaccid paral
ysis of voluntary muscles, brain damage, coma, and death 
within a week if untreated. Respiratory failure is the usual 
cause of death. Bioterrorists could add botulinum to::rin 
to water supplies or food. Botulinum to::rin is odorless 
and tasteless, and only a tiny quantity of the to::rin need 
be ingested to cause a potentially fatal case of botulism. 
Botulism can also result from entry of C. botulinJ//111 spores 
into open wounds. 

Inhalation of contaminated 
dust (Woolsorter disease) 

{ 
Vegetallva 
forms 

Gutrolnteetlnal (Ingestion) 

Cutaneoua contact wlltl 
contaminated animal products 

wool, hair) and/or infected 

""' 

Flture 11-10. Modes of anthrax transmisaion. 
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HISTORICAL 
NOTE 
Smallpox 

The WHO was able to eradicate smallpox 
wor1dwide by a combination of isolation of 
infected persons and vaccination of others 

in the community. The last known case of 
naturally acquired smallpox in the wor1d 
occurred in Somalia in October 1977. 
In May 1980, the WHO announced the 

global eradication of smallpox. Smallpox 
virus is currently stored in several laboratories, in
cluding those at the CDC and a comparable facility in 
Russia. Smallpox virus is a potential BW and bioter
rorism agent. 

Smallpox 

Smallpox is a serious, contagious, and sometimes &tal 
viral disease. Patients experience fever, malaise, headache, 
prostration, severe backache, a characteristic skin rash 
(Fig. 11-12), and occasional abdominal pain and vomiting. 
Smallpox can become severe, with bleeding into the skin 
and mucous membranes, followed by death. The last case 
of smallpox in the United States was in 1949, and the last 
naturally occurring case in the world was in Somalia in 1977. 
Since 1980, when the WHO announced that smallpox had 
been eradicated, most people no longer received smallpox 
vaccinations. Thus, throughout the world, huge numbers 
of people are highly susceptible to the virus. Although 
there are no reservoirs for smallpox virus in nature, pre
served samples of the virus exist in a few medical research 
laboratories worldwide. There is always the danger that 
smallpox virus, or any of the other pathogens mentioned 
here, could fall into the wrong hands. 

Plague 
Plague is caused by Y. pestis, a Gram-negative coccoba
cillus. Plague is predominandy a zoonosis and is usually 
transmitted to humans by fleabite (Fig. 11-13). Plague 
can manifest itself in several ways: bubonic phlgue, septi
cemic plague, pneumonic plague, and plague meningitis. 
Bubonic plague is named for the swollen, inflamed, and 
tender lymph nodes (buboes) that develop. Pneumonic 
plague, which is highly communicable, involves the 
lungs. It can result in localized outbreaks or devastating 
epidemics. Septicemic plague may cause septic shock, 
meningitis, or death. Patients with plague are depicted 
in Figure 11-14. Bioterrorists could disseminate Y. pestis 
via aerosols, resulting in numerous severe and potentially 
fatal pulmonary infections. Pneumonic plague can be 
transmitted from person to person. 

Figure 11-12. Child with emallpox. (Provided by Jean Roy 
and the CDC.) 

HISTORICAL 
NOTE 
The Black Death 

During the Middle Ages, plague 
was referred to as the Black 
Death because of the darkened, 

bruised appearance of the 
corpses. The blackened skin 
and foul smell were the result 
of cell necrosis and hemor-

rhaging into the skin. Plague 
probably dates back from 1,000 years or more BCE. In 
the past 2,000 years, the disease has killed milions of 
people-perhaps h!Rlreds of milions. Huge plague 
epidemics occurred in Asia and Europe, including the 
European plague epidemic of 1348 to 1350, which 
killed about 44% of the population (40 million of 
90 million people). The last ma;or plague epidemic in 
Europe occurred in 1721. Plague still occurs, but the 
availability of insecticides and antibiotics has greatly 
reduced the Incidence of this dreadful disease. Hu
man plague Is very rare in the United States (only four 
cases in 2016). Figure 11-15 illustrates the type of 
clothing that a plague doctor wore in the Middle Ages. 
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Flaure 11·13. Epidemiology and pathology of plague. Yersfnla pestfs, the causative agent of plague, Is maintained In nature In 
rodents, prairie dogs, and squirrels. When a flea feeds on an Infected animal and then feeds on a human, the organism Is transmit
ted from the flea to the individual and may result in the disease of plague. Persons infected with plague can then pass the organism 
in respiratory secretions to other people. Therefore, plague is considered a zoonotic and communicable disease, in contrast to Lyme 
disease {compare to Fig. 11-6). 

The CDC has classified the etiologic agents of an~ 
botulism, smallpox, and plague as Category A bioterror
ism agents (for the definition of Category A agents, see 
Table 11-7). 

Table 11-7 contains a listing of potential bioterrorism 
agents that, according to the CDC, pose the greatest threats 
to civilians-pathogens with which public health agencies 
must be prepared to cope. 

To minimize the danger of potentially deadly micro
organisms falling into the wrong hands, the U.S. Antiter
rorism and Effective Death Penalty Act of 1996 makes 
the CDC responsible for controlling shipment of select 

agents-pathogens and toxins-deemed most likely to be 
used as BW agents. Authorities must constandy be on the 
alert for possible theft of these pathogens from biologic 
supply houses and legitimate laboratories. In addition, 
vaccines, antitoxins, and other antidotes must be available 
wherever the threat of the use of these biologic agents is 
high, as in various potential war zones. 

All clinical microbiology laboratories should be staffed 
with persons familiar with the likely bioterrorism agents and 
trained to detect, identify, and safely handle these agents. 
What individuals can do to prepare for bioterrorist attacks is 
discussed on 1 Point: "Preparing fora BioterroristAttack:." 

Figure 11·14. Oangrenou• hand (A) and foot (B) of patients with plague. (A. Provided by Dr. Jack Poland and 
the CDC. B. Provided by William Archibald and the CDC.) 
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Critical Biologic Agent Categories for Public Health Preparedness 

category 

Category A;. These agents pose a risk to national 
security because they 

• can be easily disseminated or transmitted from 
person to person; 

• result in high mortality rates and have the potential 
for major public health impact; 

• might cause public panic and social disruption; and 
• require special action tor public health 

preparedness. 

Category B: These agents Include 1hose 1hat 
• are moderately easy to disseminate; 
• result In moderate morbidity rates and low mortal

ity rates; and 
• require specific enhancements of CDC's diagnos

tic capacity and enhanced disease surveillance. 

category C: These are emerging pathogens that 
could be engineerecl tor mass dissemination in the 
future because of 

• availability; 
• ease of production and dissemination; and 
• potential for high morbidity and mortality rates and 

major health impact. 

CDC, Centers for Disease Control and Prevention. 
Source: http:J/emergency.cdc.gov/agenVagenUist-categary.asp. 

Biologic Agent(e) 

Bacillus antflracls 

Closttfdlum botulinum 
Y.pestJs 
llal1o/a major 
Francisella tulat9nsis 
Filoviruses (e.g., Ebola, Marburg) and are

navlruses (e.g., L.assa, Machupo) 
Brucella species 

Epsilon toxin of Clostridium perfringens 
Food safety threats (e.g., Salmonella spp., 

E. coli 0157:H7, Shigella spp.) 

Dieeeee 

Anthrax 

Botulism 
Plague 
Smallpox 
Tularemia 
Viral hemorrhagic fevers 

Brucellosis 

Burkhofderia mallei Glanders 
Burkhofderia pseudomslfei Melioidosis 
Chlsmydophila psfftaci Psittacosis 
Coxiella bumetii Q fever 
Ricin toxin from castor beans 
Staphylococcal enterotoxin B 
Rickettsia prowszekii 
Encephalitis viruses (e.g., Venezuelan 

equine encephalitis virus; Eastern 
equine encephalitis virus; Westem 
equine encephalitis virus) 

Water safety threats (e.g., Vibrio choleras, 
Cryptosporidium spp.) 

Emerging infectious diseases such as 
Nipah virus and Hantavirus 

Typhus fever 
Encephalitis 

WATER SUPPLIES AND SEWAGE DISPOSAL and biologic pollution) are present in our society, making 
it increasingly difficult to provide safe water supplies. 

Water is the most essential resource necessary for the sur
vival of humanity. The main sources of community water 
supplies are surface water from rivers, natural lakes, and 
reservoirs, as well as growulwater from wells. However, two 
general types of water pollution (i.e., chemical pollution 

Chemical pollution of water occurs when industrial 
installations dwnp waste products into local waters without 
proper pretreatment, when pesticides are used indiscrimi
nately, and when chemicals are expelled in the air and carried 
to earth by rain ("acid rain"). The main source of biologic 



Flaure 11·15. Protective dothlng wom by plague doctors 
1111he Middle Agee. Plague doctors were known as "beak 
doctors• because of the type of mask they wore. The mask 
had glass-covered eye openings and a cone-shaped "beak" 
that contained scented substanoes that were supposed to pro
tect the doctor from •bad air." Plague doctors also wore gloves 
and a heavy waxed and hooded overcoat, and they carried 
a wooden pointer to assist wtth the examination of a patient 
without actually having to touch the patient. 

pollution is waste products of humans-fecal material and 
garbage-that swarm with pathogens. The e2usative agents 
of cholera, typhoid fever, bacterial and amebic dysentery, 
giardiasis, cryptosporidiosis, infectious hepatitis, and po
liomyelitis can all be spread through contaminated water. 

Waterborne epidemics today are the result of failure to 
make use of available existing knowledge and technology. 
In those countties that have established safe sanitary proce
dures for water purification and sewage disposal, outbreaks 
of typhoid fever, cholera, and dysentery occur only rarely. 

In spring 1993, a waterborne epidemic of cryptosporid
iosis (a diarrheal disease) affected more than 400,000 people 
in Milwaukee, Wisconsin. This was the largest waterborne 
epidemic that has ever occurred in the United States. The 
oocysts of Cryptosporidium were present in cattle feces, which, 
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when the winter snow melted, were 
washed offWlSCOllSin's numerous 
dairy farms into Lake Michigan. 
Milwaukee uses the water of 
Lake Michigan as its drinking 
water supply. Although the lake 
water had been treated, the tiny 
oocysts passed through the filters 
that were being used at that time. 
Thus, the C'YfiiiJSPOridium oocysts 
were present in the city's drinking 

(" "'! 
The largest water-
borne epidemic to 
occur in the United 
States was an 
outbreak of cryp
tosporidiosis in 
Milwaukee, Wiscon
sin, In 1993, which 
affected more than 
400,000 people. .... _______ .) 

water, and people became infected when they drank the 
water. The epidemic caused the death of more than 100 
immunosuppressed individuals. 

Sources of water Contamination 
Rainwater falling over large areas collects in lakes and rivers 
and, thus, is subject to contamination by soil microbes and 
raw fecal material. For example, an animal feed lot located 
near a community water supply source harbors innumerable 
pathogens, which are washed into lakes and rivers. A city 
that draws its water from a local river, processes it, and 
uses it, but then dumps inadequately treated sewage into 
the river at the other side of town, may be responsible for 
a serious health problem in another city downstream on 
the same river. The city downstream must then find some 
way to rid its water supply of the pathogens. In many 
communities, untreated raw sewage and industtial wastes 
are dumped directly into local waters. Also, a stonn or a 
flood may result in contamination of the local drinking 
water with sewage (Fig.11-16). 

Groundwater from wells can also become contaminated. 
To prevent such contamination, the well must be dug deep 
enough to ensure that the surface water is filtered through 
soil before it reaches the level of the well. Outhouses, septic 
tanks, and cesspools must be situated in such a way that 
surface water passing through these areas does not carry 
fecal microbes directly into the well water. With the grow
ing popularity of trailer homes, a new problem has arisen 
because of trailer sewage disposal tanks that are located too 
near a water supply. In some very old cities, where cracked 
underground water pipes lie alongside leaking sewage pipes, 
sewage can enter the water pipes, thus contaminating the 
water just before it enters people's homes. 

Water Treatment 
Water must be properly treated to make it safe for human 
consumption. It is interesting to trace the many steps 
involved in such treatment (Fig. 11-17). The water first 
is filtered to remove large pieces of debris, such as twigs 
and leaves. Next, the water remains in a holding tank, 
where additional debris settles to the bottom of the tank; 
this phase of the process is known as sedimentation or 
settling. Alum (aluminum potassium sulfate) is then 
added to coagulate smaller pieces of debris, which then 
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setde to the bottom; this phase is known as coagulation 
or flocculation. The water is then filtered through sand 
or diatomaceous earth filters to remove the remaining 
bacteria, protozoan cysts and oocysts, and other small 
particles. In some water treatment facilities, charcoal filters 
or membrane filtration systems are also used. Membrane 

Sedimentation 

Figure 11·17. Stepe In water treatment (see text for details). 

Figure 11·US. Sourcea of water 
I:OII'I:amlnallon. 

filtration will remove tiny Giardia cysts and Cryptmporid
ium oocysts. Finally, chlorine gas or sodium hypochlorite 
is added to a final concentration of 0.2 to 1.0 ppm; this 
kills most remaining bacteria. In some water treatment 
facilities, ozone (03) treatment or ultraviolet light may 
be used in place of chlorination. 

Small communities in rural areas may be financially 
unable to construct water treatment plants that incorporate 
all of these steps. Some may rely on chlorination alone. 
Unfortunately, the levels of chlorine routinely used for 
water treatment do not kill some pathogens, such as Giar
dia cysts and Cryptosporidium oocysts. Other communities 
use all the water treatment steps, but fail to use filters 
having a small enough pore size to trap tiny pathogens, 
such as Cryptosporidium oocysts (which are about 4-6 )UD 

in diameter). 
In the laboratory, water can be tested for fecal con

tamination by checking for the presence of coliform 
bacteria (coliforms). Coliforms are E. coli and other 
lactose-fermenting members of the family Enterobac
teriaceae, such as Enterobmer and Klebsiella spp. These 
bacteria normally live in the intestinal tracts of animals 
and humans; thus, their presence in drinking water is an 
indication that the water was fecally contaminated. With 
respect to the presence of coliforms, water is considered 
potable (safe to drink) if it contains 1 coliform or less per 
100 mL of water. 

If one is unsure about the purity of drinking water, boiling 
it fur 20 minutes destroys most pathogens that are present. 
It can then be cooled and consumed. Boiling will kill GUmJia 
cysts and CryptosporitJiu oocysts, but there are some bacterial 
spores and viruses that can withstand 
long periods of boiling. The most 
common causes of waterborne 
outbreaks in the United States are 
L. pneumophila, CryptosporUJium 
Giardia, and norovirus. 

' Water is considered 't 
potable (safe to 
drink) If It contains 1 
coliform or less per 
100 ml of water. , 

\., _______ ... 



Sewage neatment 
Raw sewage consists mainly of water, fecal material (includ
ing intestinal pathogens), and garbage and bacteria from 
the drains of houses and other buildings. When sewage is 
adequately treated in a disposal plant, the water it contains 
can be returned to lakes and rivers to be recycled. 

Primary sewage'D'eatment 
In the sewage disposal plant, large debris is first filtered 
out (called screening), skimmers remove floating grease 
and oil, and floating debris is shredded or ground. Then, 
solid material settles out in a primary sedimentation tank:. 
Flocculating substances can be added to cause other solids 
to settle out. The material that accumulates at the bottom 
of the tank is called primary sludglll. 

Secondary Sawage'D'eatment 
The liquid (called primary effluent) then undergoes sec
ondary treatment, which includes aeration or trickling 
filtration. The purpose of aeration is to encourage the 
growth of aerobic microbes, which oxidize the dissolved 
organic matter to C02 and H20. Trickling filters accom
plish the same thing (i.e., conversion of dissolved organic 
matter to C02 and H20 by microbes), but in a different 
manner. After either aeration or trickling filtration, the 
activated sludge is transferred to a settling tank, where 
any remaining solid material settles out. The remaining 
liquid (called secondary effluent) is :filtered and disinfected 
(usually by chlorination), so that the efBuent water can be 
returned to rivers or oceans. 

Tertiary Sewage Treabnlllt 
In some desert cities, where water is in short supply; the 
effiuent water from the sewage disposal plant is further 
treated (referred to as tertiary sewage treatment), so that 
it can be returned directly to the drinking water system; 
this is a very expensive process. Tertiary sewage treatment 
involves the addition of chemicals, :filtration (using fine sand 
or charcoal), chlorination, and sometimes distillation. In 
other cities, efBuent water is used to irrigate lawns; how
ever, it is expensive to install a separate water system for 
this purpose. In some communities, the sludge is heated 
to kill bacteria, then dried and used as fertilizer. 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look 

• Preparing for a Bioterrorist Attack 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 
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? Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following tenns best describes 
chlamydia! genital infection in the United States? 
a. arthropod-borne disease 
b. epidemic disease 
c. pandemic disease 
d. sporadic disease 

2. Which of the following are considered reservoirs of 
infection? 
a. carriers 
b. contaminated food and drinking water 
c. rabid animals 
d. all of the above 

3. The most common nationally notifiable infectious 
disease in the United States is: 
a. chlamydia! genital infections 
b. gonorrhea 
c. the common cold 
d. TB 

4. Which of the following arthropods Is the vector of 
Lyme disease? 
a. flea 
b. mite 
c. mosquito 
d. tick 

5. The most common zoonotic disease in the United 
States is: 
a. Lyme disease 
b. plague 
c. rabies 
d. Rocky Mountain spotted fever 

e. Which one of the following organisms is not one 
of the four most likely potential BW or bioterrorism 
agents? 
a. B. enthiBcis 
b. Ebola virus 
c. V. major 
d. Y. pestis 

7. All of the following are major steps in the treatment 
of a community's drinking water except: 
a. boiling 
b. filtration 
c. flocculation 
d. sedimentation 
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8. The largest waterborne epidemic ever to occur in 
the United States occurred in: 
a. Chicago 
b. Los Angeles 
c. Milwaukee 
d. New York City 

9. Typhoid fever Is caused by a species of: 
a. Cempytobacter 
b. Eschettchla 
c. Salmonella 
d. Shigella 

10. Which of the following associations is incorrect? 
a. ehrlichiosi~rtick 
b. malaria;nosquito 
c. plagu~flea 
d. spotted fever rickettsiosi~rmite 
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After stuQing this chapter, you should be able to: 

CHAPTER 

Artist rendering of Stlphytococcus 
bacter1a, which frequendy lurk In 
heallfl ca11 facilities. 

Contact and Contact Enteric 
Precautions 

Droplet Precautions 
Airborne Precautions 

Patient Placement 
Airborne Infection Isolation 

Rooms 
Protective Environments 

Handling Food and Eating 
Utensils 

Handling Fomites 
Medical Waste Disposal 
Infection Control in Dental 

Health Care Settings 
Infection Prevention and Control 

Committees and Infection 
Control Preventionists 

Role of the Microbiology 
Laboratory in HeaHh Care 
Epidemiology 

Conclusions 

• Differentiate between health care-associated, 
community-acquired, and iatrogenic infections 

• List the seven pathogens that most commonly cause 
health care-associated infections 
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• State the four most common types of health care
associated infections 

• List six types of patients who are especially 
vulnerable to health care-flssociated infections 

• State the three major contributing factors in health 
care-associated infections 

• Differentiate between medical and surgical asepsis 
• State the most important and effective way to reduce 

the number of health care-associated infections 
• Differentiate between Standard Precautions and 

Transmission-Based Precautions, and state the four 
types of Transmission-Based Precautions 

INTRODUCTION 

Health care epidemiology can be defined as the study of 
the occurrence, determinants, and distribution of health 
and disease within health care settings. Health and disease 
are the result of complex interactions between pathogens, 
patients, and the health care environment. Although the 
primary focus of health care epidemiology is on infection 
control and preventing health care41Ssociated infections 
(HAis), health care epidemiology includes any activities 
designed to study and improve patient-care outcomes. 

Health care epi
demiology can be 
defined as the study 
of the occurrence, 
determinants, and 
distribution of health 
and disease within 
health care settings. 

These activities include surveillance 
measures; risk reduction programs 
focused on device and procedure 
management; policy development 
and implementation; education of 
health care personnel in infection 
control practices and procedures; 
cost-benefit assessment of pre
vention and control programs; 
and any measures designed to 

eliminate or contain reservoirs of infection, interrupt the 
transmission of infection, and protect patients, health care 
workers, and visitors against infection and disease. 

The importance of microbiology to those who work in 
health-related occupations can never be overemphasized. 
Whether working in a hospital, medical or dental clinic, 
long-term care facility, rehabilitation center, or hospice, 
or caring for sick persons in their homes, all health care 
professionals must follow standardized procedures to 
prevent the spread of infectious diseases. Thoughdess or 
careless actions when providing patient care can cause se
rious infections that otherwise could have been prevented. 

HEALTH CARE-ASSOCIATED INFECTIONS 

Deftnlllons 
Infectious diseases (infections) can be divided into two 
categories, depending on where the person became in
fected: (a) infections that are acquired 'lJ)ithin hospitals or 

• Describe the types of patients placed in Protective 
Environments 

• Cite three important considerations in the handling 
of each of the following in health care settings: food, 
eating utensils, fomites, and sharps 

• List six responsibilities of an Infection Prevention and 
Control Committee 

• Explain three ways in which the Clinical Microbiology 
Laboratory participates in infection control 

other health care facilities (called 
HAis)• and (b) infections that 
are acquired (J'Utside health care 
facilities (called community-ac
quired infections). A hospitalized 
patient could have either type 
of infection. According to the 
Centers for Disease Control and 
Prevention (CDC), communi
ty-acquired infections are those 
that are present or incubating at 
the time of hospital admission. 
All other infections are consid
ered HAis, including those that 
erupt within 14 days of hospital 
discharge. 

The term "health care-asso
ciated infection" (HAl) should 
not be confused with the term 
"iatrogenic infection" (iatrogenic 
literally meaning "physician in
duced"). An iatrogenic infection 
is an infection that results from 

( ' 
Community-acquired 

1 

infections are those 
that are present 
or incubating at 
the time of hospi-
tal admission. All 
other lnfec1fons are 
considered HAis, 
including those 
that erupt within 
14 days of hospital 
discharge. J ..... ______ _ 

( ..... , 
An iatrogenic infec
tion is an infection 
that results from 
medical or surgical 
treatment-an infeo
tion that is caused 
by a surgeon, an
other physician, or 
some other heaHh 

medical or surgical treatment .._ care worker. 
(i.e., an infection that is CllfiSed by 
a surgeon, another physician, or some other health care 
worker). Examples of iatrogenic infections are surgical 
site infections and urinary tract infections (UTis) that 
result from urinary catheterization of patients. Iatrogenic 
infections are a type of HAl, but not all HAis are iatro
genic infections. 

Frequency of Health care-Associated Infections 
It is sad to think that a patient who enters a hospital for 
one problem could develop an infection while in the 

"The CDC recommends the use of the term "health care-usociated 
infections" (HAis) for infections acquired within any type of health 
care &cility. The term replaces the older term "hospital-acquired 
infections" and its synonym "nosocomial infections." 



hospital and perhaps die of that ,-In the United States, -, 
infection. However, this is an all approximately 4% 
too common occurrence although of hospitalized pa-
major initiatives have been in tients develop HAis. 
place to reduce the number of - _.) 
HAis. For example, in 2002, the estimated number of 
HAis in U.S. hospitals was approximately 1.7 million 
(or roughly 1 in 20 hospitalized patients).b By 2011, the 
number had fallen to approximately 722,000 (or roughly 
1 in 25 patients).3 The estimated number of deaths in 
2002 associated with HAis was 98,987 but had fallen to 
about 75,000 in 2011. Of these, the greatest number of 
deaths was caused by pneumonia. HAis cause significant 
increases in excess hospital stays and costs for additional 
treatment. 

Pathogens Most Often Involved In Hullh Cara
Assoclatad Infections 
The hospital environment harbors many potential patho
gens. Some live on and in health care professionals, other 
hospital employees, visitors to the hospital, and patients 
themselves. Others live in dust or wet or moist areas such 
as sink drains, showerheads, whirlpool baths, mop buck
ets, flower pots, and even food from the kitchen. To make 
matters worse, the bacterial pathogens that are present 
in hospital settings are usually drug-resistant strains and, 
quite often, are multidrug resistant. 

The following bacteria are the four most prevalent 
causes of HAl in U.S. hospitals1

: 

• Clostridium difficiJe 
• Staphylococcus aureus 
• Kkbsiellll pneumonille and Klebsiella oxyt:oaJ 
• Esihf!ricbia cok-c 

Although some of the pathogens that cause HAis 
originate in the external environment, many come from 
the patients themselves-their own indigenous micro
biota that enter a surgical incision or otherwise gain 
entrance to areas of the body other than those where 
they normally reside. For C. difftcik, the organism may 
have been part of the patient's indigenous micro biota 
but was allowed to overgrow after antibiotic usage. Al
ternatively, the organism may have been picked up as a 
bacterial spore if the room was not terminally cleaned 
properly. Urinary catheters provide a "superhighway" 
for indigenous micro biota of the distal urethra to gain 
access to the urinary bladder. 

"'nformation source: Klevens RM, et al. 2002. Estimating health
care-associated infections and deaths in U.S. hospitals. Public 
Hefllth &p. 2007; 122: 160-166. 

~gill, SS, ct aL Multistllte point prevalence survey of health
care-associated infections. N Engl J Metl. 20 14;3 70:1198-1208. 

Approximately 70% ofHAis r Approximately 7096 ~ 
involve drug-resistant bacteria, of HAis involve 
which are common in hospitals, drug-resistant 
nursing homes, and other health bacteria. 
care settings as a result of the •.___ __,' 
many antimicrobial agents in use there. The drugs place 
selective pressure on the microbes; that is, only those that 
are resistant to the drugs will survive. These resistant or
ganisms then multiply and predominate (refer to Fig. 9-9 in 
Chapter9). 

HAis caused by Pseudomonas infections as are es
pecially difficult to treat, as are infections caused by 
multidrug-resistant Acinetobaaer, carbapenem -resistant 
Enterobacteriaceae, vancomycin-resistant Enterococci 
(VRE), methicillin-resistantS. aureus (MRSA), and 
methicillin-resistant Staphylococcus epidermidis strains. 
Bacteria are not the only pathogens that have become 
drug resistant, however. Fungi (such as various Ct~ndida 
spp.) are becoming more resistant to common antifungal 
agents. 

In 2001, the CDC launched a campaign to prevent 
antimicrobial resistance in health care settings. Table 12-1 
contains the 12 steps that the CDC recommended to pre
vent antimicrobial resistance among hospitalized adults. 

Modes of Transmission 
The three principal routes by which pathogens involved 
in HAis are transmitted are contact, droplet, and airborne. 

Contact Transmission 
There are two types of contact transmission: 

• In direct contact transmission, pathogens are transferred 
from one infected person to another person without a 
contaminated intermediate object or person. 

• Indirect contact transmission happens when pathogens 
are transferred via a contaminated intermediate object 
or person. 

Draplat Transmission 
In droplet transmission, respiratory droplets carrying 
pathogens transmit infection when they travel from the 
respiratory tract of an infectious individual (e.g., by sneezing 
or coughing) to susceptible mucosal surfaces of a recipient. 
Droplets traditionally have been defined as being larger 
than 5 J.1m in size. 

Airllame Transmission 
Airborne transmission occurs 
with dissemination of either 
airborne droplet nuclei or small 
particles containing pathogens. 
Traditionally, airborne droplets 
are defined as being less than or 
equal to 5 IJ.In in size. 

( ) 
The three most 
common modes 
of transmission in 
health care settings 
are contact, drop-
let, and alrbome 
transmission. 

~--------------~ 
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Twelve Steps to Prevent Antimicrobial Resistance among Hospitalized AduHs 

l'revettt Infection 
Step 1. Vaccinate Give Influenza vaccine and Stteptococcus pneumonfae vaccine to at-risk patients before dis-

charge. Health care workers should receive the influenza vaccine annually. 
Step 2. Get the catheters out Use catheters only when essential. Use the correct catheter. Use proper insertion and cathe-

ter-care protocols. Remove calt1eters when they are no longer essential. 
Diat~nose and treat infection effectively 
Step 3. Target the pathogen Culture the patient. Target empiric therapy to likely pathogens and your facility's antlblogram 

Step 4. Acc888 the experts 
Use antimicrobials wiHiy 
Step 5. Practice antimicrobial 

control 
Step 6. Use local data 
Step 7. Treat Infection. not 

contamination 
Step 8. Treat Infection, not 

colonization 
Step 9. Know when to say "no" 

to vancomycin 

lnfonnat:lon. Target deflnHive therapy to known pathogens and antimicrobial susceptibility 
test resuHs. 

Consult infectious disease experts for patients with serious infections. 

Engage In local antimicrobial control efforts. 

Know your facility's antlblogram. Know your patient population. 
Use proper antisepsis for blood and other cultures. Culture the blood, not the skin or catheter 

hub. Use proper methods to obtain and process all cultures. 
Treat pneumonia, not the tracheal aspirate. Treat bacteremia, not the catheter tfp or hub. Treat 

UTI, not the Indwelling catheter. 
Treat Infection, not contaminants or colonization. Fever In a patient with an Intravenous cathe

ter is not a routine indication for vancomycin. 
Step 1 0. Slop antimicrobial 

treatment 
When infection is cured. When cultures are negative and infection is unlikely. When infection is 

not diagnosed. 
Ptell'flnt tr.tnsmiuion 
Step 11. Isolate the pathogen Use standan:l Infection control precautions. Contain Infectious body fluids. (Follow Airborne, 

Droplet, and Contact Precautions.) When In doubt, consult Infection control experts. 
Step 12. Break the chain of 

contagion 
Slay home when you (the health care worker) are sick. Keep your hands clean. Set an 

example. 

UTI, unnary tract infection. 
Soutr:»: The Centers fer Dleeeae ConlfOI (CDC}, A1Santa, GA. 

Most Common lJpes of Health cant-Associated 
Infections 
According to the CDC,d the five most common types of 
HAis in U.S. hospitals are the following: 

1. C. ~sociated gastrointestinal disease (anti-
biotic-associated diarrhea [AAD]) 

2. tms, most of which are catheter related 
3. Surgical site infec1ions 
4. Lowerrespir.dorytractinfectious (primarily pneumonia) 
5. Bloodstteam infec1ions (septicemia) 

The most common organism causing HAl is C. diffi
dk (often referred to as "C. difr), which is an anaerobic, 
spore-fonning, Gram-positive bacillus. It is a common 
member of the indigenous micro biota of the colon, where it 

dMuch of the information in this chapter is from Siegel JD, 
et aL Guidelines for Isokllilrn PmJJUtiuns: Preventing T~ of 
Inftaitnu Agents in Hellltham Ser.tmu. Atlanta, GA: Cena:rs for 
Disease Control and Prevention; 2007. Additional information 
can be obtained in the CDC-HICPA Guidelines for Environ
mental Infection Control in Healthcare Facilities (June 2003) at 
www.cdc.gov/ncidodlhip!envirolguide.htm. HICPA stands for 
the Healthcare Infection Control Practices Advisory Committee. 

exists in relatively small numbers. 
Although C. diffo:ile produces two 
types of toxins (an enterotoxin and 
a cytotoxin), the concentrations of 
these toxins are too low to cause 
disease when only small numbers 
of C. JijJidle are present. However, 
superinfections of C. dijjidle can 
occur when a patient receives oral 
antibiotics that kill off susceptible 
members of the gastrointestinal 

The most common 
types of HAl in the 
United States are C. 
difficile-associated 
diarrhea, UTis, sur
gical site infections, 
lower respiratory 
1ract infections, 
and bloodstream 
infections. ...__ 

' I 

I 
-' 

micro biota (superinfections were described in Chapter 9). 
C. dijjidle, which is resistant to many orally administered 
antibiotics, then increases in nwnber, leading to increased 
concentrations of the toxins. The toxins cause a disease 
known as AAD. A severe form of the disease is known 
as pseudomembranous colitis (PMC), in which sections 
of the lining of the colon slough off, resulting in bloody 
stools. Both AAD and PMC are 
common in hospitalized patients. C. dlfffclle Is 1he 
Figure 12-1 provides a summary of most common 
th d t d th cause of heaHh e epi emio ogy an pa ogenesis care-associated 
of C. di.fJitik-associated disease. gastrointestinal 

Health care-associated zoonoses infections. 
are another recognized problem '-·-------) 



Ciused dose to half a mlllon Illnesses In 1 year. 

People on illltlblolla are 7-10 limes mon! likely 
to get C. t/lltldlt willie on tht drugs and during tbl! 
month aft!r. 

TGUthlng unclean surfaas, apedally diOR! In 
health Cilft!setdngs, mntamlnated with feces fmm an 
Infected pman. 

I' ~ 

Comes back at least once In about 11n S patients who 
get c. dlffldle. 

Being In healtll Girt settings, espedally hospitals or 
nursing homes. 

I 
Di1yhands. 

For people owr 65 yeaB, lin 11 died of a ~lth Glre-
illiSOdated m1 wlthln a month ofrecdvlng a diagnosis 
with c. dlflldto.' 

MDII! than 80IJ6 of c. dlflldle deaths oaund In 
people aged 65 ye~~rs and older. 

r.mng to notify other health care faeilitits when patients 
with C. dlfffdlt transfl!r from Ollf fadllty Ill another. 

• ~ Weilr giCMS and gowns when Oean room surfaces with EPA-
trming pllient with C. diffirit. appmed. spo~e-kllllng dlslnfedant 

lmpi'D'II! pn!SUiing rif Use best tem fur Knllilll! re5UIIli Rapidly identify ;md isolm patients Remember that hand Sillnilill!r (sudl as bleach), wheR C. dlfffcfle 
intiliotill. to prmnt spreid. with c. diffidle. doesn't ldll (. dlffldle. 

http-Jtwww.alc.gov/HAVarganlsmslcdlffiCdiff_lnfed.hbnl ;'.-···-~, ~--· T.-
www.ak.gov/media i, e:_ CD£:_ 
'Table 3 fram l..essil K. MuYJ, Bamberg WM etal. N EngiJ Med 2015;1 34.001: 10.10S6/NEJMoa14011911 '\.::2 _ .. ,' · .· 

patients ilft! tremd. 

us.D .. ftm•ll1•f 
1-kolt.h and ttum - ~ro~u 
(tllloe<~''~ Q H"'J~ 
Co.•trd '"""" ~,,..,..,.lhn 

Figure 1 2·1 • Summary of the epidemiology and pathoganallis of Cloatridium dfflicile-a880ciated diseasa. (Provided by 
the CDC.) 
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in hospitals (see "Health Care-Associated Zoonoses" on 
, ') Ptlint). (Recall that zoonoses are diseases that are trans
missible from animals to humans.) 

Patients Most Ukely lo Develop Health Care
Associated lrrfecllons 
Patients most likely to develop HAis are immunosup
pressed patient:s-patients whose immune systems have 
been weakened by age, underlying diseases, or medical or 
surgical treatments. Contributing factors include an aging 
population; increasingly aggressive medical and therapeutic 
interventions; and an increase in the number of implanted 
prosthetic devices, organ transplantations, xenotransplan
tations (the transplantation of animal organs or tissues into 
humans), and vascular and urinary catheterizations. The 
highest infection rates are in intensive care unit (ICU) 
patients. HAl rates are three times higher in adult and 
pediatric ICUs thm elsewhere in the hospital. The follow
ing are the most vulnerable patients in a hospital setting: 

• elderly patients, 
• women in labor and delivery, 
• premature inf.mts and newborns, 
• surgical and burn patients, 
• patients with diabetes or cancer, 
• patients with cystic fibrosis, 
• patients having an organ transplant, 
• patients receiving treatment with steroids, anticancer 

drugs, antilymphocyte serum, or radiation, 
• immunosuppressed patients (i.e., patients whose immune 

systems are not functioning properly), 
• patients who are paralyzed or are undergoing renal di

Immunosuppressed 
patients are espe
cially likely to de
velopHAis. 

alysis or urinary catheterization, 
• patients with indwelling devices, 

such as endotracheal tubes, central 
venous and arterial catheters, 

J and synthetic implants. 

MaJor Factors COnlrlbullng lo Health care
Associated Infections 
The three major factors that combine to cause HAis 
(Fig. 12-2) are: 

1. An ever-increasing number of drug-resistant pathogens 
2. The failure of health care personnel to follow infection 

control guidelines 
3. An increased number of immunocompromised patients. 

Additional contributing factors are: 

• The indiscriminate use of antimicrobial agents, which 
has resulted in an increase in the number of drug- and 
multidrug-resistant pathogens; 

• A false sense of security about antimicrobial agents, 
leading to a neglect of aseptic techniques and other 
infection control procedures; 

• Lengthy, more complicated 
types of surgery; 

• Overcrowding of hospitals and 
other health care facilities, as 
well as shortages of staff; 

• Increased use of less highly 
trained health care workers, who 
are often unaware of infection 
control procedures; 

• Increased use of anti-inflamma
tory and immunosuppressant 
agents, such as radiation, steroids, 

(' 

..._ 

The three major 
causes of HAis 
are drug-resistant 
bacteria, the fail
ure of health care 
personnel to follow 
Infection control 
guidelines, and an 
Increased number 
of immunocompro
mised patients. 

anticancer chemotherapy, and antilymphocyte serum; 

I 
./ 

• Overuse and improper use of indwelling medical devices. 

Indwelling medical devices that support or monitor 
basic body functions contribute gready to the success of 
modern medical treatment. However, by bypassing normal 
defensive barriers, these devices provide microbes access to 
normally sterile body :fluids and tissues. The risk of bacterial 
or fungal infection is related to the degree of debilitation of 
the patient and the design and management of the device. 
It is advisable to discontinue the use of urinary catheters, 
vascular catheters, respirators, and hemodialysis on indi
vidual patients as soon as medically feasible. 

What Can Be Donato Raducelha Number of 
Heallll Care-Associalecllnfeclions? 
It is critical for all health care 
workers to be aware of the problem 
ofHAis and to take appropriate 
measures to minimize the num
ber of such infections that occur 
within health care facilities. The 
primary way to reduce the number 
ofHAis is strict compliance with 

(----------.. 

.... 

The primary way to 
reduce the number 
of HAis is strict 
compliance with 
Infection control 
guidelines. 

' __ J 

infection control guidelines (described later in this chapter). 
Handwashing is the single most important measure 

to reduce the risks of transmitting pathogens from one 
patient to another or from one anatomic site to another 
on the same patient. Because it specifically pertains to 
health care personnel, handwashing is discussed in the 
section entitled "Standard Precautions." The following 
are commonsense, everyday, handwashing guidelines 
that pertain to everyone: 

Wash your hands before you: 

• Prepare or eat food 
• Treat a cut or wound or tend to someone who is sick. 
• Insert or remove contact lenses 

Wash your hands after you: 

• Use the restroom 
• Handle uncooked foods, particularly raw meat, poultry, 

or fish 
• Change a diaper 



lncl'8899d number 
of drug-resistant 

pathogens 

Failura of health cara 
personnel to follow 
infection control 
guidelines 

Health care-Associated 
Infections 

lncraased number of 
immunocompromised 
patients 

Figure 12.2. The three major contributing factors in health 
ca.-...essociated infections. 

• Cough, sneeze, or blow your nose 
• Touch a pet, particularly reptiles and exotic animals 
• Handle garbage 
• Tend to someone who is sick or injured 

Wash your hands in the following manner: 

• Use warm or hot running water 
• Use soap 
• Wash all surfaces thoroughly, including wrists, palms, 

back of hands, fingers, and under fingernails (preferably 
with a nail brush) 

• Rub hands together for at least 10 to 15 seconds 
• When drying, begin with your forearms and work toward 

your hands and fingertips, and pat your skin rather than 
rubbing to avoid chapping and cracking 

(These handwashing guidelines were originally pub-
-, lished by the Bayer Corporation 

Handwashing is and the American Society for 
the single most Microbiology.) 
important measure Other means of reducing 
to reduce the risks the incidence of HAis include 
of transmitting disinfection and sterilization 
pathogens from one techniques, air filtration, use of 
patient to another or ultn.violet lights, isolation of 
from one anatomic especi.allyinfectious patients, and 
site to another on 
the same patient. wearing gloves, masks, and gowns 

... _______ J whenever appropriate. 

INFECTION PREVENTION AND CONTROL 

The term infection prevention and control pertains to 
the numerous measures that are taken to prevent infec
tions from occurring within health care settings. These 
preventive measures include actions taken to eliminate or 
contain reservoirs of infection, interrupt the transmission 
of pathogens, and protect persons r lnfectl _ 1 I 
(p 

. l and . . ) on conuu 
attents, emp oyees, vtsttors measures are de-

from becoming infected-in short, signed to break 
they are ways to break various various links in the 
links in the chain of infection chain of infection. 
(refer to Fig. 11-4). .._ ) 

Ever since the discoveries and observations ofJoseph 
Lister and Ignaz Semmelweis (see the following "Histor
ical Notes") in the 19th century, it has been .known that 
wound contamination is not inevitable and that patho
gens can be prevented from reaching vulnerable areas, 
a concept referred to as asepsis. Asepsis, which literally 

HISTORICAL 
NOTE 
Contributions of Joseph 
Lister 

Joseph Lister {1827-1912) 
(Fig. 12-3), a British surgeon, 

made significant contributions 
in the areas of antisepsis 
(against infection) and asepsis 
(without infection). During 

the 1860s, he instituted the 
practice of using phenol (carbolic acid) as an 
antiseptic to reduce microbial contamination of 
open surgical wounds. Lister routinely applied a 
dilute phenol solution to all wounds and insisted 
that anything coming in contact with the wounds 
(e.g., surgeons' hands, surgical instruments, and 
wound dressings) be Immersed In phenol. In 1870s, 
he instituted the practice of performing surgical 
procedures within a phenol mist. Although this 
practice probably killed microbes that were present 
in the air, it proved unpopular with the surgeons and 
nurses who inhaled the irritating phenol mist. Later 
contributions by Lister included aseptic techniques 
such as steam sterilization of surgical instruments; 
the use of sterile masks, gloves, and gowns by 
members of the surgical team; and the use of sterile 
drapes and gauze sponges in the operating room. 
Lister's antiseptic and aseptic techniques greatly 
reduced the incidence of surgical wound infections 
and surgical mortality. Because phenol is quite 
caustic and toxic, it was later replaced by other 
antiseptics. 
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Figure 12-3. Joseph Lister. {Provided by Wikipedia 
Commons.) 

~-------.., means without inftction, includes 
Aseptic techniques any actions (referred to as aseptic 
are actions taken to 
prevent infection or techniques) taken to prevent 
break the chain of infection or break the chain of 
infection. infection. Such actions include 

- __,) general cleanliness, frequent and 
thorough handwashing, isolation of infected patients, 
disinfection, and sterilization. The techniques used to 
achieve asepsis depend on the site, circumstances, and 
environment. There are two main types or categories of 
asepsis: medical asepsis and surgical asepsis. 

Medical Asepsis 

Once basic cleanliness is achieved, it is not difficult to 
maintain asepsis. Medical asepsis, or clean technique, 
involves procedures and practices that reduce the number 
and transmission of pathogens. Medical asepsis includes 
all the precautionary measures necessary to prevent direct 
transfer of pathogens from person to person and indirect 
transfer of pathogens through the air or on instruments, 
bedding, equipment, and other inanimate objects (fo
mites). Medical aseptic techniques include frequent and 
thorough handwashing; personal grooming; we~g 
of clean masks, gloves, and gowns when appropnate; 
,..---------. .., proper cleaning of supplies and 

Medical asepsis is equipment; disinfection; proper 
a clean technique. disposal of needles, contaminated 
Its goal is to exclude materials, and infectious waste; 
pathogens. .1 and sterilization. 

~--------

Dlslnfecllan 
General principles of disinfection were ~edin Chapte~ 8. 
Because they pertain to the health care enVli'Onment, pnn
ciples of disinfection are discussed in this section.c 
categories of Disinfectants. A few disinfect:mts will kill 
bacterial spores with prolonged exposure times (3-12 ho~); 
these are referred to as chemical sterilants. Other disin
fect:mts used within health care settings are categorized as 
high-leve~ intermediate-leveL and low~ level ~~ts. 
High-level disinfedants lrill all rmcrobes (mcluding 
viruses)/ except large numbers of bacterial spores.~
termediate-level disinfectants might kill mycobactena, 
vegetative bacteria, most viruses, and most fungi, but do not 
necessarily kill bacterial spores. Low-level disinfectants 
kill most vegetative bacteria, some fungi, and some viruses 
within 10 minutes of exposure. Disinfectants commonly 
used in health care settings are listed in Table 12-2. 
Spaulding Syslem for Classification of Instruments 
and Items for Patient Cera. More than 30 years ago, Earle 
H. Spaulding devised a system of classifying instrume~ts 
and items for patient care according to the degree of nsk 
for infection that was involved. This system is still used to 
determine how these items are to be disinfected or sterilized. 

• Critical items. Critical items confer a high risk for in
fection if they are contaminated with tmy microbe. Thus, 
such objects must be sterile. Critical items include surgical 
instruments, cardiac and urinary catheters, implann, and 
ultrasound probes used in sterile body cavities. Items in 
this category should be purchased as sterile or be sterilized 
using steam (preferably), ethylene oxide gas, hydrogen 
peroxide gas plasma, or liquid chemical sterilants. 

• Semicritical items. Semicritical items contact mucous 
membranes or nonintact skin and require high-level 
disinfection. These include respiratory therapy and 
anesthesia equipment, some endoscopes, laryngoscope 
blades, esophageal manometry probes, cytoscopes, ~a
rectal manometty catheters, and diaphragm 6ttmg nngs. 
They minimally require high-level disinfection using 
glutaraldehyde, hydrogen peroxide, ortho-phthalaldehyde, 
or peracetic acid with hydrogen peroxide. 

• Noncritical items. Noncritical items are those that come 
in contact with intact skin, but not mucous membranes. 
Such items are divided into two subcategories: noncritical 
patient-care items (e.g., bedpans, blood pressure cuffs, 
crutches, and computers) and noncritical environmental 
surfaces (e.g., bed rails, some food utensils, bedside tables, 
patient furniture, and Boors). Low-level disinfe~ts 
may be used for noncritical items.~! of. the foUO:Ug 
disinfect:mts may be used for noncnncal1tems: 70 ~ to 
90% ethyl or isopropyl alcohol, sodium hypochlorite 

~uch of the information in this section is from Ruta.l.a WA, et aL 
GWdeline for Disinfection tmd SterilizmUm m Healthcare FociJit:ies. 
Atlanta, GA: Centers fur Disease Control and Prevention; 2008. 

fy'1r115es can he inactivated by some disinfectants, but are not really 
"killed." Reca.ll that viruses are not actually "alive" to begin with. 
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Disinfectants Commonly Used in Hospitals 

Disinfectant 

Alcohols (e.g., 60%-90% solutions of 
ethyl, Isopropyl, and benzyl alcohols) 

Chorine and chlorine compounds (Cio
rox, Halazone, hypochlorites, Warexin) 

Formaldehyde (formalin is 37% formal
dehyde by weight) 

Glutaraldehycle 

Hydrogen peroxide 

Iodine ~odine solutions or tinctures) and 
iodophors (e.g., povidone-iodine, 
Wesoodyne, Betadine, lsodine, lo
prep, Surgidine) 

o-phthalaldehyde 

Peracetic acid (peroxyacetic acid) 

Combination of peracetic acid and hy
drogen peroxide 

Phenol (carbolic acid) and phenolics 
(e.g., xylenols, o-phenylphenol. hex
ylresorcinol, hexachlorophene, cresol, 
Lysol) 

Quaternary ammonium compounds 
(a variety of organically substituted 
ammonium compounds, such as do
decyldimethylammonium chloride) 

Mode of Action and Spectrum 

Cause denaturation of proteins; bacteri
cidal, tuberculocidal, fungicidal, viru
cidal, but not sporicidal 

Thought to cause inhibition of key enzy
matic reactions, protein denaturation, 
and inactivation of nucleic acids; bac
tericidal, tuberculocidal, fungicidal, 
virucidal, sporicidal 

Alters the stnJcture of proteins and 
purine bases; bactericidal, tubercu
locidal, fungicidal, virucidal, sporicidal 

Interferes wtth DNA, RNA, and protein 
synthesis; bactericidal, fungicidal, 
virucidal, sporicidal; relatively slow 
tuberculocidal activity 

Produces destructive free radicals that 
attack membrane lipids, DNA, and 
other essential cell components; bac
tericidal, tuberculocidal, fungicidal, 
virucidal, sporicidal 

Thought to disrupt protein and nucleic 
acid structure and synthesis; bacte
ricidal, tuberculocidal, virucidal; may 
require prolonged contact times to be 
fungicidal and sporicidal 

Mode of action unknown; bactericidal, 
tuberculocidal, fungicidal, virucidal, 
sporicidal 

Thought to disrupt cell wall permeability 
and aHer the sb'Ucture of proteins; 
bactericidal, tuberculocidal, fungi
cidal, virucidal, sporicidal 

Mode of action as described earlier for 
hydrogen peroxide and peracetic 
acid; bactericidal, tuberculocidal, fun
gicidal, virucidal, but not sporicidal 

Disrupts cell walls and inactivates es
sential enzyme systems; bactericidal, 
tuberculocidal, fungicidal, virucidal, 
but not sporicidal 

Inactivate energy-producing enzymes, 
denaturation of disruption of cell 
membranes; bactericidal, fungicidal, 
and virucidal to lipophilic viruses; 
generally not tuberculocidal, spori
cidal, or virucidal to hydrophilic 
viruses 

U881 

For disinfection of thermometers, rubber 
stoppers, external surfaces of stetho
scopes, endoscopes, and certain 
other equipment 

For disinfection of countertops, floors, 
blood spills, needles, syringes; water 
treatment 

Limited uses because of irritating fumes, 
pungent odor, and potential carcino
genicity; used for preserving anatomic 
specimens 

For disinfection of medical equipment 
such as endoscopes, tubing, dialyz
ers, and anesthesia and respiratory 
therapy equipment; has a pungent 
odor and is irritating to the eyes, 
throat, and nose; may cause respi
ratory Irritation. asthma, rhinitis, and 
contact dermatitis 

For disinfection of Inanimate surfaces; 
limited clinical use; contact with eyes 
may cause serious eye damage 

Primarily for use as antiseptics; also for 
disinfection of rubber stoppars, ther
mometers, endoscopes 

Stains skin, clothing, environmental sur
faces; limited clinical use 

Used In an automated machine to 
chemically sterilize Immersible 
medical, surgical, and dental instru
ments, including endoscopes and 
arthroscopes; concentrate can cause 
serious eye and skin damage 

For disinfection of hemodialyzers 

For decontamination of the hospital 
environment, Including laboratory sur
faces, and for noncritical medical and 
surgical Hems; residual disinfectant 
on porous surfaces may cause tissue 
irritation 

For disinfection of noncritical surfaces 
such as floors, furniture, and walls; 
should not be used as antiseptics 

Add!Uonallnfomlatlon about dlslnfec!Bnts can be found In COC's Guideline for Disinfection and Sterilization In Healthc:are Facilities, 2008, available 
on the COC website: http://www.cdc.gov. 
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(household bleach diluted 1:500), phenolic germicidal 
detergent solution, iodophor germicidal detergent solution, 
and quaternary ammonium germicidal detergent solution. 

Surgical Asepsis 

Surgical asepsis, or sterile technique, includes practices 
used to render and h:ep objern and areas sterile (i.e., free 
of microbes). The following points are differences between 
medical and surgical asepsis: 

• Medical asepsis is a clean technique, whereas surgical 
asepsis is a sterile technique. 

• The goal of medical asepsis is to exclude pathogens, whereas 
the goal of surgical asepsis is to exclude all microbes. 

Surgical aseptic techniques are practiced in operating 
rooms, in labor and delivery areas, and during invasive 

,.--------... 

l
Surglcal asepsis Is a 
sterile technique. Its 
goal Is to exclude all 
microbes. J 

procedures. For example, invasive 
procedures, such as dra.wing blood, 
injecting medications, urinary 
catheter insertion, cardiac cathe
terization, and lumbar punctures, 
must be performed using strict 

surgical aseptic precautions. Other surgical aseptic tech
niques include surgical scrubbing of hands and fingernails 
before entering the operating room; wearing sterile masks, 
gloves, caps, gowns, and shoe covers (considered optional); 
using sterile solutions and dressings; using sterile drapes 
and creating a sterile field; and using heat-sterilized sur
gical instruments. Methods of sterilization were discussed 
in Chapter 8. 

SPOT 
LIGHTING 
Perfusionists 

As stated in the American Medical As
sociation (AMA) Health Care Careers 

Directory (available at http://www.ama
assn.org under MEducation•), "A perfusionist 
is a skilled allied health professional, qualified 
by academic and clinical education, whoop-

erates extracorporeal circulation equipment during 
any medical situation in which it is necessary to sup
port or temporarily replace the patient's circulatory or 
respiratory function. Perfusionists serve as members 
of an open-heart, surgical team responsible for the se
lection, setup, and operation of a mechanical device, 
commonly referred to as the heart-lung machine." 

"During open heart surgery, when the patient's 
heart is immobilized and cannot function in a normal 
fashion while the operation is being performed, the 
patient's blood Is diverted and circulated outside the 
body through 1he heart-lung machine and returned 

again to the patient. In effect, 1he machine assumes 
the function of both the heart and lungs ... 

''The perfusionist is responsible for operating the 
machine during surgery, closely monitoring the 
altered circulatory process, taking appropriate 
corrective action when abnormal situations ar1se, and 
keeping both the surgeon and anesthesiologist fully 
informed." 

"In addition to the operation of the heart-lung 
machine during surgery, perfusionists often function 
in supportive roles for other medical specialties in 
operating mechanical devices to assist in the 
conservation of blood and blood products during 
surgery, and provide extended, long-term support of 
patients' circulation outside of the operating room 
environment. • 

lnfonnatlon concerning educational requirements 
and programs, certification, and salary is available at 
the AMA website. 

Hair at the surgical site must be clipped using an electric 
shaver, and the patient's skin must be thoroughly cleansed 
and scrubbed with soap and antiseptic. H the surgery is to 
be extensive, the surrounding area is covered with a sterile 
plastic film or sterile cloth drapes so that a sterile surgical 
field is established. The surgeon and all surgical assistants 
must scrub their hands for 5 to 10 minutes with a disinfec
tant soap and cover their clothes, mouth, and hair because 
these might shed microbes onto the operative site. These 
coverings include sterile gloves, gowns, caps, and masks, 
with shoe covers being considered optional (Fig. 12-4).All 
instruments, sutures, and dressings must be sterile. They 
are handled only while wearing sterile masks and gloves. 
As soon as these items become contaminated, they must 
be thoroughly cleaned and sterilized for reuse or disposed 
of properly. All needles, syringes, and other sharp items of 
equipment ("sharpsj must be disposed of by placing them 
into appropriate puncture-proof"sharps containers." 

Floors and all equipment in the operating room must 
be thoroughly cleaned and disinfected before and after 
each use. Walls are disinfected following the last surgical 
case of the day. Proper ventilation must be maintained to 
ensure that fresh, filtered air is circulated throughout the 
room at all times. 

Regulations Pertaining to Health care 
Epidemiology and Infection Control 

In the United States, there are many different regulations 
that pertain to health care epidemiology and infection 
control--so many, in fact, that it is not possible to discuss 
them all in a book this size. One of the most important of 
these regulations was published in 2001 by the Occupational 
Safety and Health Administration (OSHA). It is entided 
the Bloodbome Pathogen Standard (29 CFR 1910.1030). 
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Rgure 12-4. HeaHh c.e professional donning personal protective equipment. A. Sterile gown. B. Mask. 
C. Gloves. (From McCall RE, Tankersley CM. Phlebotomy Essent.ia/s. 5th ed. Philadelphia PA: Lippincott 
Williams&. Wilkins; 2012.) ' 

SPOT 
LIGHTING 
Surgical Technologists 

As stated in the AMA Health Care 
Careers Directory (available at http:// 

www.ama-assn.org under "Education'1, 
.. Surgical technologists are allied health 
professionals working with surgeons and 

other medical practitioners providing surgi-
cal care to patients in a variety of settings as inte
gral members of the health care team." 

"Surgical technologists work under the supervi
sion of the surgeon to ensure that the operating room 
or environment is safe, equipment functions properly, 
and operative procedure is conducted under condi
tions that maximize patient safety. They handle the 
instruments, supplies, and necessary equipment 
during the surgical procedure." 

"Surgical technologists possess expertise in 
the theory and application of sterile and aseptic 
technique combined with the knowledge of human 
anatomy, surgical procedures, and implementation 
tools and technologies to facilitate a physician's 
perfonnance of invasive therapeutic and diagnostic 
procedures." 

Specific duties of surgical technologists in the first 
scrub role, the assistant circulating role, and the s~ 
ond assisting role can be found on the AMA website, 
as can information concerning educational require
ments and programs, certification, and salary. 

This standard requires facilities having employees who 
~ave ~ccupation~ exposure to blood or other potentially 
infecttous matenals to prepare and update a written plan 
called the Exposure Control Plan. This plan is designed to 

eliminate or minimize employee exposure to pathogens. 
Other topics addressed in 29 CFR.1910.1030 are as follows: 

• PosteJposure follow-up 
• Recordk.eeping for bloodbome pathogens 
• Needlestick injuries and other sharps 
• Universal precautions 
• Latex allergy 
• Bloodbome illnesses, such as 1-11'\T, hepatitis B virus 

(HBV), and hepatitis C virus (HCV) 
• Labeling and signs (29 CFR 1910.1030 can be found on 

the OSHA website: http://www.osha.gov) 

standard Precautions 
In a health care setting. one is not always aware of which 
patients are infected with I-llY. HBV. HCV. or other com
municable pathogens. Thus. to prevent transmission of 
pathogens within health care settings. two levels of safety 
precautions have been developed by the CDC: Standard 
Precautions and Transmission-Based Precautions. Standard 
Precautions combine the major features of Universal Pre
cautions and Body Substance Isolation Precautionsl and 
are intended to be applied to the care of all patients in all 

'Universal Precautions (published in 198S, 1987, and 1988) per
t2ined to blood and body fluids, whereas Body Substance Isolation 
Precautions (published in 1987) were designed to reduce the risk 
of transmission of pathogens from moist body substances. 
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health care settings, regardless 
of the suspected or confirmed 
presence of an infectious agent. 
Transmission-Based Precautions 
(discussed in a subsequentsection), 
on the other hand, are enforced 
only for certain specific types of 
infections. 

(" "'! 
Implementation of 
Standard Precau
tions constitutes 
the primary strategy 
for the prevention 

Standard Precau
tions are to be 
applied to the care 
of all patients in all 
health care settings, 
regardless of the 
suspected or con
firmed presence of 
an Infectious agent. 

~-----------------------·J 
Implementation of Standard 

Precautions constitutes the pri
mary strategy for the prevention of health care-associated 

transmission ofi.nfeaious agents 
between patients and health care 
personnel. Standard Pre<:autions are 
based on the principle thitall blood, 
body fluids. secretions, excretions 
except sweat, nonintact skin, and 
mucous membranes may contain 
transmissible infectious agents. 
Standard Precautions provide 
infection prevention guidelines 
regarding hand hygiene; wearing 

of health care
associated trans
mission of Infectious 
agents between 
patients and heaHh 

.,_ care personnel. J 

Figure 12-5. Standard Pracau
tlons sign. (From McCall RE, Tank
ersley CM. Phlebotomy &sentlals. 
5th ed. Philadelphia, PA: uppincott 
Williams & Wilkins; 2012. Provided by 
the Brevis Corp., Salt Lake City, liT.) 
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of gloves, gowns, masks, eye protection; respiratory hygiene/ 
cough etiquette; safe injection practices; lumbar puncture; 
cleaning of patient-care equipment; environmental control 
(including cleaning and disinfection); handling of soiled 
linens; handling and disposal of used needles and other 
sharps; resuscitation devices; and patient placement. OSHA 
guidelines are designed to protect health care personnel, 
whereas Standard Precautions will protect IH1th health care 
personnel and their patients from becoming infected with 
l-IlY, HBV, H~ and many other pathogens. The sign 
shown in Figure 12-S summarizes the most important 
aspects of Standard Pr~auti.ons. 

Vaccinations 
B~ause health care personnel are at particular risk for 
several vaccine-preventable infectious diseases, the Im
munization Action Coalition (www.vaccineinform.ation. 
org) recommends that they receive the following vaccines: 

• Hepatitis B vaccine 
• Inftuenza (annually) 
• Measles-mumps-rubella 
• Varicella (chickenpox) 
• Tetanus-diphtheria-pertussis 
• Meningococcal vaccine (for microbiologists who are 

routinely exposed to isolates of Neisseria mmingiti.Jis) 

Hand Hygiene 
It cannot be said too often that the most important and 
most basic technique in preventing and controlling in
fections and preventing the tr:ansmission of pathogens is 
handwashing. Because contaminated hands are a prime 
cause of cross-infection (i.e., transmission of pathogens 
from one patient to another), health care personnel caring 
for hospitalized patients must wash their hands thoroughly 
between patient contacts (i.e., before and after each patient 
contact). In addition, hands should be washed between tasks 

and procedures on the same patient 
The most important to prevent cross-contamination of 
and most basic different body sites. Hands must 
technique in pr&- be washed after touching blood, 
venting and con- body fluids, secretions, excretions, 
trolling infections and contaminated items, even 
and preventing when gloves are wom. Hands 
the transmission 
of pa1hogens Is must be washed immediately 
handwashlng. before putting on gloves and after 

_J gloves are removed. 
A plain (nonanti.microbial) soap may be used for routine 

handwashing, but an antimicrobial or antiseptic agent should 
be used in certain circumstances (e.g., before entering an 
operating room or to control outbreaks within the hospital). 
Figure 12-6 contains the step-by-step instructions for ef
fective handwashing.According to the CDC, alcohol-based 
handrubs that do not require the use of water can be used 
in place ofhandwashing when hands are not visibly soiled. 
The volume ofhandrub to be used varies from product to 
product; thus, manufacturer's directions must be followed. 

However, if the patient is in Contact Enteric Precautions 
because of C. Jiffidk or N orovirus infection, an antibacterial 
soap should be used for hand hygiene. Artificial fingernails 
and rings should not be worn by health care personnel who 
provide direct patient care. 

HISTORICAL 
NOTE 
The Father of Handwashing 

lgnaz Philipp Semmelweis 
(181 ~ 1865) has been referred 
to as the "Father of Handwash-

ing," the "Father of Hand 
Disinfection," and the "Father 
of Hospital Epidemiology." 
Semmelweis, a Hungarian 
physician, was employed in 

the maternity department of a large Viennese hos
pital during the 1840s. Many of the women whose 
babies were delivered in one of the hospital's 
clinics became ill and died of a disease known as 
puerperal fever (also known as childbed fever), the 
cause of which was unknown at the time. (It is now 
known that puerperal fever is caused by Strepto
coccus pyogenes.) Semmelweis observed that phy
sicians and medical students often went directly 
from an autopsy room to the obstetrics clinic to as
sist in the delivery of a baby. Although they washed 
their hands with soap and water upon entering the 
clinic, Semmelweis noted that their hands still had 
a disagreeable odor. He concluded that the puer
peral fever that the women later developed was 
caused by "cadaverous particles• present on the 
hands of the physicians and students. In May 184 7, 
Semmelweis instituted a policy that stated that "all 
students or doctors who enter the wards for the 
purpose of making an examination must wash their 
hands thoroughly in a solution of chlorinated lime 
that will be placed in convenient basins near the 
entrance of the wards." Thereafter, the maternal 
mortality rate dropped dramatically. This was the 
first evidence that cleansing contaminated hands 
with an antiseptic agent reduces HAis more effec
tively than handwashing with plain soap and water. 
It is interesting to note that Oliver Wendell Holmes 
(180~ 1894), an American physician, had con
cluded some years earlier that puerperal fever was 
spread by health care workers' hands. However, 
the recommendations Holmes made in his histori
cal essay of 1843, entitled The Contagiousness of 
Puerperal Fever, met with opposition (as did Sem
melweis' recommendations) and had little impact 
on obstetric practices of the time. 
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HELPFUL HINTS: 
HANDWASHING 
To make sure that you have washed your hands 
sufficiently, rub your soapy hands and interlaced 
fingers together for as long as it takes you to 
sing the birthday song f'Happy Birthday to You") 
twice through, or all verses of •Twinkle, Twinkle, 
Little Star" once. Alternatively, you could use a 
quick-drying alcohol foam, gel, or lotion. Stud
ies have shown that these convenient products 
are at least as effective as old-fashioned soap 
and water. They are quick, they dry in about 15 
seconds, and by using them, you eliminate the 
possibility of someone overhearing you singing 
off key! 

Step 

G;t Stand back so that you cto not 
touch 1h9 sink. 

@ TLI'n on the falcet and wet hands 
l.llder warm rurri~ waler. 

{j) Appy soap and work 14> a 
... lather. 

{j) Scrlb all sll'faces,lnclt.d~ 
between 1h9 ffngers and aroond 
the kru:kles. 

{§:a Rib YOIJ' hands togelher 
vigorously. 

Personal Protective Equipment 
There are many components of personal protective equip
ment (PPE). The most common are listed here. 

GIOV8S. Gloves can protect both patients and health 
care personnel &om exposure to infectious materials that 
may be carried on hands. Health care personnel should 
wear gloves when 

• anticipating direct: contact with blood or body fluids, 
mucous membranes, nonintact skin, and other potentially 
infectious materials, 

• having direct contact with patients who are colonized or 
infected with pathogens transmitted by the contact route, 

• handling or touching visibly or potentially contaminated 
patient-care equipment and environmental surfaces. 

Gloves must be changed between wks and procedures 
on the same patient whenever there is risk of transferring 

Explanation/Rationale 

The sink may be contaminated. 

Wab!Jt s!Wd not be too hot« too 
cald and hands shoold be wet 
befa'e ~yf~ 80IIP to minimize 
dryirv, cflaA:Jirv. « cracki111 d 
hands from frequent hlrldwashirv. 

A good lather is needed to reach 
all surfaces. 

Scrlbbl~ Is necessary to 
disloc:V& microorganisms from 
surfaces, especially between 
n~ and aroond kru::kles. 

Friction helps loosen dead skin, 
cirt, debris, and microorganisms. 
(SI.eJls 4 arxt 5 shoold take at 
least 15 seconds, about the time 
it takes to si~ the ABC s~.) 

Figure 12-e. Proper handwashlng technique. (From McCall RE, Tankersley CM. Phfabotomy Essentials. 5th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2008; Images from Molle EA, Kronenberger J, West-stack C. Uppincott Williams & Wilkins' Clinical 
Medical Assisting, 2nd ed. Baltimore: Lippincott Williams & Wilkins, 2005.) 



Step 

@ Rinse your hands inadownwwcl 
motion from wrists to ftnger11ps. 

(1) Dry l8lds with a ci8!W1 paper 
taNel. 

t:j Use a clean paper ID'Nel to tl.l'n 
olltha faucel Lrless it is foot or 
motion activated. 

Figure t 2-8. (continued) 

PPE Includes 
gloves, gowns, 
masks, eye protec
tion, and respiratory 

..., microorganisms from one body 
site to another. Hand hygiene 

protection. 

should be performed prior to 
putting on gloves. Always remove 
gloves promptly after use and 

_; before going to another patient. 
Thoroughly wash your hands immediately after removing 
gloves because there is always the possibility that the gloves 
contained small tears in them or that your hands became 
contaminated while removing the gloves. Figure 12-7 
illustrates the proper method of glove removal. 

Isolation Gowns. Isolation gowns are wom in conjunction 
with gloves and with other PPE when indicated. Gowns are 
usually the first piece of PPE to be donned. They protect 
the health care worker's arms and exposed body areas and 
prevent contamination of clothing with blood, body 8uids, 
and other potentially infectious material. When applying 
Standard Precautions, an isolation gown is wom only if 
contact with blood or body :fluid is anticipated. However, 
when Contact Precautions are used, donning of both 
gown and gloves upon room entry is indicated. Isolation 

Explanation/Rationale 

Rinsing with the hMds 
<bmrward allONS CO!taminants 
to be ftushacl from the hands and 
ftngars Into lha sii"K raher than 
fta.Ning back up 1l1e arm or wrist. 

Handii must be ltiad thoroughly 
and gently to prevent cl'laR3ing or 
cracking. Reusable towels can 
be a source af CO!tamlnallon. 

Clean hands snoud oot ttu:h 
cortamina!Bd faucet 
harY:lles. 

gowns should be removed before leaving the patient-care 
area to prevent possible contamination of the environ
ment outside the patient's room. Isolation gowns should 
be removed in a manner that prevents contamination of 
clothing or skin. The outer, "contaminated," side of the 
gown is turned inward and rolled into a bundle and then 
discarded into a designated container for waste or linen to 
contain contamination. 

Masks. Masks are used for the following three primary 
purposes in health care settings: 

1. They are worn by health care personnel to protect them 
from contact with infectious ID2terial from patients. 

2. They are worn by health care personnel when engaged 
in procedures requiring sterile technique to protect pa
tients from exposure to pathogens that may be present 
in a health care worker's mouth or nose. 

3. They are placed on coughing patients to limit potential 
dissemination of infectious respiratory secretions from 
the patient to others (for examples of masks commonly 
used for the putpose in the health care setting, refer to 
Fig. 12-8A). 
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Flture 12·7. Proper procedure for glove removal. A. The wrist of one glove Is grasped with the 
opposite gloved hand. B. The glove Is pulled Inside out, over, and off the hand. c. With the flrst 
glove held in the gloved hand, the fingers of the nongloved hand are slipped under the wrist of the 
remaining glove without touching the exterior surfaces. D. The glove is then pulled inside out over 
the hand so that the first glove lies within the sec<:~nd glove, with no exterior glove surfaces ex· 
posed. E. Contaminated gloves ready to be placed into the proper biohazardous waste receptacle. 
(From McCall RE, Tankersley CM. Phlebotomy Essentials. 5th ed. Philadelphia, PA: Upplncott Wil
liams & Wilkins; 2012.) 

Respinrtory Protection. Respiratory protection requires 
the use of a respirator with N95 or higher Dltration to pre
vent inhalation of infectious particles. N9 S respirators are 
tight-fitting, adjustable masks that are designed to protett 
against small droplets of respiratory fluids and other air
borne particles in addition to all the protection afforded by 
surgical masks. The designation 41N95" refers to the fact that 
this product filters at least 95% of airborne particles. N95 
respirators must be fittested to the individual. Figure 12-SB 
shows two types ofN95 masks, whereas Figure 12-9 shows 

a health care provider wearing another type ofN95 mask. 
Do not confuse masks with particulate respirators. Powered 
air-purifying respirators are recommended when working 
with patients with tuberculosis, viral hemorrhagic fever 
infections such as Ebola, smallpoXs and during the perfor
mance of aerosol-generating procedures on patients with 
avian or pandemic influenza (Fig. 12-SC). 

Eye Protection. Types of eye protection include goggles 
and disposable or nondisposable face shields. Masks may 
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Figure 12-8. Several types of respiratory protection. A. 
Two types of surgical masks. B. Two types of N95 masks. c. A 
particulate respirator (powered alr-purtfyfng respirator). 

be used in combination with goggles, or a &ce shield may 
be used instead of a mask and goggles. Even when Droplet 
Pre<:autions are not indicated, eye, nose, and mouth prorection 
are necessary when it is likely that there will be a splash or 
spray of any respiratory secretions or other body fluids. Eye 
protection and masks are removed after gloves are removed. 

Pallant-Cire Equipment 
Organic material (e.g., blood, body fluids, secretions, and 
excretions) must be removed from medical equipment, 
instruments, and devices prior to high-level disinfection 
and sterilization because residual proteinaceous material 
reduces the ef'fi:!ctiveness of disinfection and sterilization 
processes. AU such equipment and devices must be handled 

Figure 12·1. The type N85 respirator (see text for details). 
(From McCall RE, Tankersley CM. Phlebotomy Essentla/s. 5th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2012. Pro
vided by 3M Occupational Health and Envircnmenbll Safety 
Division, St. Paul, MN.) 

in a manner that will protect health care workers and the 
environment from potentially infectious material. Cleaning 
and disinfection must include computer keyboards and 
personal electronic devices. Whenever possible, the use 
of dedicated medical equipment, such as stethoscopes, 
blood pressure cuffs, and electronic thermometers, reduces 
the potential for transmission. Items such as commodes, 
intravenous pumps, and ventilators must be thoroughly 
cleaned and disinfetted before use by or on another patient. 

Environmental Control 
The hospital must have, and employees must comply with, 
adequate procedures for the routine care, cleaning, and 
disinfection of environmental surfaces, such as bedrails, 
bedside tables, commodes, doorknobs, sinks, and any other 
surfaces and equipment, in close proximity to patients. 

Unans 
Textiles, such as bedding, towels, and patient gowns, that 
have become soiled with blood, body fluids, secretions, or 
excretions must be handled, transported, and laundered 
in a safe manner. Soiled textiles must not be shaken, must 
not come in contact with the health care worker~ body 
or clothing, and must be contained in a laundry bag or 
designated bin. 

Disposal or Sharps 
Needlestick injuries and injuries resulting from broken 
glass and other sharps are the primary manner in which 
health care workers become infected with pathogens, 
such as m:v, HBV, and HCV. Thus, Standard Precautions 
include guidelines regarding the safe handling of such 
items. Needles and other sharp devices must be handled 
in a manner that prevents injury to the user and to others 
who may encounter the device during or after a procedure. 
Accidents can be prevented by employing safer techniques 
(such as by not recapping needles), by disposing of used 
needles in appropriate sharps disposal containers, and by 
using safety-engineered sharp devices. Safety devices may be 
an integral part of the needle (including butterfly needles), 
the evacuated tube holder, or the syringe. 

The following are desirable characteristics of needle 
safety features: 

• It is as simple to use as possible, requiring little training 
to use it effectively. 

• It is an integral part of the device, not an accessory. 
• It provides a barrier between the hands of the health 

care worker and the needle after its use. 
• It allows the worker's hands to remain behind the needle 

at all times. 
• It is in effect before disassembly and remains in ef'fi:!ct 

after disposal to protect users and trash handlers and for 
environmental safety. 

Contaminated needles and other contaminated sharps 
must not be bent, recapped, or removed, and shearing or 
breaking of needles is prohibited. All oont:atnirulted needles, 
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lancets, scalpel blades, and other sharps must be disposed of 
immediately after use, by placing them in special containers 
known as sharps containers. This is true whether or not the 
sharp contains a safety feature. Sharps containers are rigid, 
puncture resistant, leak proo~ disposable, and clearly marked 
with a biohazard label (Fig.12-10). Sharps containers must 
be easily accessible to all personnel needing them and must 
be located in all areas where needles are commonly used, 
as in areas where blood is drawn, including patient rooms, 
emergency rooms, ICUs, and surgical mites. When full, sharps 
containers are properly disposed of as biohazardous W3Ste. 

Transmission-Based Precautions 
Within a health care setting, pathogens are transmitted 
by three major routes: contact, droplet; and airborne. 
Transmission-Based Precautions are used for patients who 
are known or suspected to be infected or colonized with 
highly transmissible or epidemiologi.cally important patho
gens for which additional safety precautions heyrmd Standard 
Precautions are required to interrupt transmission within 
hospitals. There are four types ofTransmission-Based Pre
cautions, which may be used either singly or in combination: 

Figure 12·10. Several types of sharps containers. (From 
McCall RE, Tankersley CM. Phlebotomy EssentlaJs. 5th ed. 
Philadelphia, PA: lippincott Williams & Wilkins; 2012. Provided 
by Becton Dickinson, Franklin Lakes, NJ.) 

Contact Precautions, Contact Enteric Precautions, Droplet 
Precautions, andAirbome Precautions. It is very important to 

understand that Transmission-Based 
Precautions are to be used in ad
dition to the Standard Precautions 
already being used. Some infectious 
diseases or conditions requiring 
Transmission-Based Precautions 
are listed in Table 12-3. 

~of 1tanemi•ion·BIIHCI 
Precautions Infectious Dieeaeee or Condition .. 

Contact Precautions Noncontalned body fluid 
• oozing cellulitis-soaks linens 
• open wounds-soaks dressings/not contained 
• uncontained urine-soils environment 
• uncontained respiratory secretions-soils environment 
• diarrhea and unable to self-toilet 
RSV (infants, young children, and immunocompromised adults) 
MDRO (CRE, MDR·Acinetobacter, MRSA, VRE) 
Cystic fibrosis 

•"' ..., 
The four types of 
Transmission-Based 
Precautions are 
used in addi-
tlon to Standard 
Precautions. 

~ ) 

Contact Enteric Clostridium dlfflclle (patient remains In precautions for duration of hospitalization) 
Norovfrus (can remove from precautions once asymptomatic for 2 d) 

Droplet Precautions Influenza 
Meningitis ft/aemophllus lnlluenzJJe type b, Ne!Sil!l6fia menlngltldls) 
Mumps 
Pertussis 
Viral hemorrhagic fevers {Lassa, Ebola, Marburg, or Crimean-congo fever viruses) 

Airborne Precautions Measles 
Tuberculosis (active or rule out) 

Airborne/Contact Chickenpox {Varicella) 
Shingles (Zoster) disseminated or immunocompromised 
• Use of N95 mask not needed if those entering room are known to be immune to 

chickenpox j 
• Contact precautions added If there are any lesions that have not ruptured and crusted over 

"This Is not an all-Inclusive list af diseases or organlsms./nfotmst/on SDurce: Siegel JD, et al. 2007 guideline for Isolation p1'8Cautlons: pltM.Inllng 
transmission of Infectious agents In heslthcar& settings. Am J Infect Control. 2007;35{10 supp12):S65-S164. Also available at www.cclc.gov/ 

lnfecttoncontrollbaslcsltransmlsslon-based·pracauUons.html. 
CAE, C&ltlapenem-resis1ant Enterobacteriaceae; MDRO, muHidrug-ntSis1ant organism; MRSA. methicillin-resis1ant staphylocOCCI.Is &11'81./S; RSV, 

respiratory syncytial virus; VRE, vancomycin-resistant Enterococci. 



Contact and Contact Entertc PrecaUIIDM 
Contact transmission is the most frequent mode of trans
mission ofHAis. Contact Precautions are used for patients 
known or suspected to be infected or colonized with epide

Contact transmis
sion Is the most 
frequent mode of 
transmission of 

miologically important pathogens 
that can be transmitted by direct or 
indirect contact. Contact Enteric 
Precautions are used whenever a 
patient has C. dijJicik or N orovirus 

HAis. ____ _; infection and signifies that the HCW 
needs to use soap and water for 

hand hygiene rather than an alcohol-based product. Contact 
precautions are instituted whenever there is a chance of 
the patient soiling the environment through uncontained 
diarrhea, poor cough control or when the patient has 
draining wounds. Examples of infectious agents requiring 
contact precautions include multidrug-resistant bacteria 
such as CRE, C. difficile-associated diarrhea, respiratory 
viral inil:ctions such as respiratory syncytial virus, scabies, 
impetigo, chiclrenpox, or shingles. Contact Precautions 
and Contact Enteric Precautions are summarized on the 
signs shown in Figures 12-11 and 12-12. Some infectious 

GOWN 
BA.TA 

diseases requiring Contact and Contact Enteric Precautions 
are listed in Table 12-3. 

Draplat Precautions 
Technically, droplet transmission is a form of contact 
transmission. However, in droplet transmission, the 
mechanism of transfer is quite different from that in direct 
transmission and indirect contact transmission. Droplets 
are produced primarily as a result of coughing, sneezing, 
and talking, as well as during hospital procedures such as 
suctioning and bronchoscopy. Transmission occurs when 
droplets (> 5 JUD in diameter) containing microbes are 
propelled a short distance through the air and become 
deposited on another person's conjunctiva, nasal mucosa, 
or mouth. Because of their size, droplets do not remain 
suspended in the air. Droplet Precautions must be used 
for patients known or suspected r 1 
to be infected with microbes Droplet Precau-
transmitted by droplets that tions are used for 
can be generated in the ways particles that are 
previously mentioned. Droplet larger than 5 J.Lm In 
Precautions are summarized ..._ diameter. ) 

GLOVES 
GUANTES 

HAND HYIGI~ENIE 
Before IEoteri ng 

Room 
R'EQUIRED 

HAND HYGieNE 
Upon Exiting 

Room 

HJGIENE DE MANOS 
Ar.Je~ d~ etJtfllr en to~ 

ll<Jtvt.,r;ioo. 

Figure 12·11. Conlaet Precautions 1lgn. 

To Enter Room 
RErJVERJDA 

P!Jra entrar ~n Is hsblta'CJ6n 

J#GIENE DE MANOS 
D~spue' d~ !l.lllir de l:s 

turbiti1r:f0n, 
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CONTACT ENTERIC P·RECAUTI~ONS 
PIRECAUCIO'I\IES CONTRA CONTACTO CON ENTERICOS 

GLOVES 
·GilA.tffE.S 

1-iAHD IHYGUiNE 
B&foro i;.ntaring Room 

~Y! DE t.A.$ MANOS 
A.rtr&s ~ ~lrar' ~ /a i'litbJt.ati6n 

REQUIRED 
To Enter R·oom 
~ 

IHAND HYGIENE 
SOAP&WAT~R 

Upon EJ:i"fing Room 

H,IGJE'KE QE lAB IWAJIIOS 

AG.!JA & J,d BQN 
Dc:~,~nJt':l d. rutfr rh J.l1.s:b.1t.J~JO.~ 

P o>riJ 6 tt!r&t WI l'a ~r.ti!Mtt 

Figure 12·12. Contact Enteric Pntcautlone sign for use with eto.trfdlum dlfflclle and 
active Norovlrua Infection. 

on the sign shown in Figure 12-13. Infectious diseases 
requiring Droplet Precautions are listed in Table 12-3. 

Alrtaome Precautions 
Airborne transmi&l!ion involves either airborne droplet nuclei 
or dust particles containing a pathogen. Airborne droplet 
nuclei are small particle residues (5 J.ll1l or less in diameter) 
of evaporated droplets containing microbes; becaU5e of their 
small size, they remain suspended in air for long periods. 
Airborne Precautions are summarized on the sign shown in 
FigUre 12-14. Airborne Precautions are applied to patients 
known or suspected to be infected with epidemiologically 
..-- ~ important pathogens that can be 

lAirbome Precau- transmitted by the airborne route, 
tions are used when such as tuberculosis or measles. In-
particles are 5 IJ.IT1 or fectious diseases requiring Airborne 
less in diameter. J Precautions are listed in Table ll-3. 

Patient Placement 

Whenever possible, single-patient rooms are used for 
patients who might contaminate the hospital environment 
or who do not (or cannot be expected to) assist in main
taining appropriate hygiene or environmental control. 
Single rooms are always indicated for patients placed 

on Airborne Precautions and are preferred for patients 
requiring Contact or Droplet Precautions. 

Alrbarna lnfecllon lsolaUon Rooms 
The preferred placement for patients who are infected with 
pathogens that are spread via airborne droplet nuclei, and 
therefore require Airborne Precautions, is in an airborne 
infection isolation room (AITR.). An AIIR. (Fig. 12-15) is a 
single-patient room that is equipped 
with special air handling and ven- ' AIIRs are under neg-
tilation systems. AIIRs are under ative pressure, and 
negative pressure to prevent room 
air from entering the corridor when 
the door is opened, and air that is 
evacuated from such rooms passes 
through high-efficiency particu

air that is evacuated 
from these rooms 
passes through 
HEPA filters. .... _______ ) 

late air (HEPA) :filters to remove pathogens. Standard and 
Airborne Precautions are strictly enforced. 

Protective Environments 
Certain patients are especially vulnerable to infection, partic
ularly to invasive environmental fungal infections. Examples 
of such patients are patients with severe burns, those who 
have leukemia, patients who have received a transplant (such 
as a hematopoietic srem cell transplant), immunosuppressed 
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HAND HYrGWENrE 
Before Entering 

Room 

Mask wtitlil eye stl ield ror !Reg.ular t4ask 
MSsc.sm oon protect« ~ Ojos o I'IJJ!igcsra regul3r 

HAND HYGIENE 
Up011 EXiling 

Room 

HIGIENE VE MANOS 
Anl~-' d~ entrs~ ei'l t.t 

flo:~bitar:iorr. 

Figure 12-13. Droplet Precautions sign. 

persons, those receiving radiation treatments, leukopenic pa
tients (those having abnormally low white blood cell counts), 
and premature infants. These patients can be protected by 
placing them in a Protective Environment (sometimes referred 
to as protective isolation or positive pressure isolation). The 
Protective Environment is a well-sealed single-patient room 

Protective Isola
tion Environments 
are rooms that are 
under positive pres
sure, and vented air 
that enters these 

in which vented air entering the 
' room is passed through HEPA 

:filters. The room is under positive 
pressure to prevent corridor air 
from entering when the door is 
opened (Fig. 12 -16). Strategies to 
minimize dust include scrubbable 

rooms passes surfaces rather than upholstery and 
through HEPA tilt~ carpet. Crevices and sprinkler heads 

are routinely cleaned.Appropriate 
Standard and Transmission-Based Precautions are strictly 
enforced, and signage is used to designate that the room is 
a Protective Isolation Environment (Fig. 12-17). 

Handling Food and Eating utensils 
Contaminated food provides an excellent environment 
for the growth of pathogens. Most often, human careless
ness, especially neglecting the practice ofhandwashing, is 

MIG/ENE DE MANOS 
D~spuet d~ ssut tJe IS 

hcmitiloCian. 

responsible for this contamination. Foodbome pathogens 
and the diseases they cause were discussed in Chapter 11. 
Regulations for safe handling of food and eating utensils 
are not difficult to follow. They include the following: 

• Using high-quality, fresh food 
• Properly refrigerating and storing food 
• Properly washing, preparing, and cooking food 
• Properly disposing of uneaten food 
• Thoroughly washing hands and fingernails before han

dling food and after visiting a restroom 
• Properly disposing of nasal and oral secretions in tissues 

and then thoroughly washing hands and fingernails 
• Covering hair and wearing clean clothes and aprons 
• Providing periodic health examinations for kitchen 

workers 
• Prohibiting anyone with a respiratory or gastrointestinal 

disease from handling food or eating utensils 
• Keeping all cutting boards and other surfaces scrupu

lously clean 
• Rinsing and then washing cooking and eating utensils in 

a dishwasher in which the water temperature is greater 
than 80°C 

According to the CDC, the combination of hot wa
ter and detergents used in dishwashers is sufficient to 



232 Section VI • Microbiology within HeaiUt Care Facilities 

IHAND HVGI:ENE 
Bcroru fnlcring 

Room 

HIGIENE D~ AfANOS 
Antes de entrar en Ia 

IUJtdr.ael6rt. 

o r PAFA ~lrato:r U~$k 
1/:J!fiH~PA.I) PAPil AI4J~.Pr'\1 

ctm re_s,o.inttm 

B:E.QUlB.ED 
To Entar Room 

.REQUEBJOA 
PBI'B entrar en Ia llatrlt1Jcl6n 

Figure 12·14. Airborne Precautions elgn. 

D 

Air being removed from 
ltle room Is filtered 

------------------------

__ ...... ........_ I..,...____ Air from the hallway 
"'J e 'rters the patient's 

room 
Figure 12·1&. Airborne Infection leolallon room (eee text 
for details}. 

Negative Air Pressure 
P'~J tht :slht r~ev-ntva 

BEaUlB..EQ 
Ke.cp Door Closed 

8EOUERIOA 
Msntener Ja puerts cermdif 

IHANDI HV1G~ENE 
Upon ExiUng 

Room 

HIGfENE DE MANOS 
Desp,ues de sr~llr de Ia 

ttsbitJtJ: Jl.m. 

Air entering ltle 
room Is ftHered 

----------- ~~ 
~-------------- ~-

The room is under .,:-. 
positive pressure ----------- -

---------------------

________ .. 

Air from ltle patient's 
room enters the hallway 

Figure 12·18. Protective Environment (see text for 
details}. 
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PROTECTIVE ISOLATION 
AISLAMicNTO PROTeCTOR 

Slrlct hand hygiene, before enteri"~J room ami Wh811 
leaving room. 
E!l!t~ ISY.:JO:) d'i! i'il~M.! ~ 1M &ltf&' el! fa lts.b\18!C.'lr.'t 
y iJI se.\"r oo I;~ iril'.bi~FciM. 
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n :su rglc.nl mosk must be 'W<)m, 

.L-~ ~s ron £1"Vl~ n sJr.~ (IJ4sif/rJ n.;~..SF! rJ fD8J ro 
det.Jen e.-'ltrsr M Ia· mtl.!fliCI'M. 51 eg ~tmteme 
n~....,no, r;lr)br. ~f'I'J' un.'l! mtt$c::n.l\;l lj\!JliiN~. 

No trnh 110W8f8i er pk :nts allowed. 
1\IQ .59 ptWI7lll'l? ~j; •YrJiiiCR.t; 0 p/Rflt~ 

DO NOT I?LACE PATIENT IN NEGAliiVE P~ESSURE ROOM-KEEP OOOR CLOSS> 

l.JSE STANDARD PRECAIJT~ONS .AS ALL TIMES. 
Si'INtl[Jr9 I.ISB precauoooes. 

Figure t2·t7. Protective leolatfon Environment elgn. 

decontaminate dishware and eating utensils; no special 
precautions are needed. 

Handling Fomites 
As previously described. fomites are any nonliving or 
inanimate objects other than food that may harbor 
and transmit microbes. Examples of fomites in health 
care settings are patients• gowns, bedding, towels, and 
eating and drinking utensils; and hospital equipment 
such as bedpans, stethoscopes, latex gloves. electronic 
thermometers. and electrocardiographic electrodes that 
become contaminated by pathogens from the respiratory 
tract. intestinal tract, or the skin of patients. Telephones. 
personal electronic devices. and computer keyboards in 
patient-care areas can also serve as fomites. Transmission 
of pathogens by fomites can be prevented by observing 
the following rnles: 

• Use disposable equipment and supplies wherever possible 
• Disinfect or sterilize equipment as soon as possible after use 
• Use individual equipment for each patient 
• Use electronic or glass thermometers fitted with one

time use. disposable covers or use disposable, single-use 
thermometers; electronic and glass thermometers must 
be cleaned or sterilized on a regular basis, following 
manufacturer's instructions 

• Empty bedpans and urinals, wash them in hot water, and 
store them in a clean cabinet between uses 

• Place bed linen and soiled clothing in bags to be sent 
to the laundry 

Medical Waste Disposal 
Materials or substances that are harmful to health are 
referred to as biohazards (short form of biologic hazards). 
They must be identified by a biohazard symbol, which was 
shown in Figure 12-10. According to OSHA standards. 
medical wastes must be disposed of properly. These stan
dards include the following: 

• Any receptacle used for decomposable solid or liquid 
waste or refuse must be constructed so that it does not 
leak. and must be maintained in a sanitary condition. This 
re<:eptacle must be equipped with a solid, tight-fitting 
cover, unless it can be maintained in a sanitary condition 
without a cover. 

• All sweepings. solid or liquid wastes, refuse. and garbage 
shall be removed to avoid creating a menace to health 
and shall be removed as often as necessary to maintain 
the place of employment in a sanitary condition. 

• The medical facility's infection control program must 
address the handling and disposal of potentially con
taminated items. 

Disposal of sharps was discussed earlier in this chapter. 

Infection Control in Dental Health Care Settings 
In 2003. the CDC published a set of infection control 
guidelines applicable to dental health care settings. entided 
Guidelines for Infoctiun Control i:n Dentfll Hellltbcare Settings. 
2003 (www.cdc.gov/oralhealtb/infectioncontroVguidelines/ 
index:.htm). This guideline was updated in 2016. Students 



234 Section VI • Microbiology within Health care Facilities 

in dental-related programs, such as dental assistant, dental 
hygienist, and dental laboratory technician, should familiarize 
themselves with these guidelines. The following are some of 
the major considerations addressed in the CDC publication: 

• Development of a written infection control program 
that includes policies, procedures, and guidelines for 
education and training of dental health care personnel, 
immunizations, exposure prevention and postexposure 
management, work restriction caused by medical con
ditions, and maintenance of records, data management, 
and confidentiality 

• Preventing transmission of bloodbome pathogens, in
cluding HBV vaccination and preventing exposures to 
blood and other potentially infectious materials 

• Hand hygiene and PPE; Figure 12-18 illustrates the 
protection afforded by PPE 

• Contact dermatitis and latex hypersensitivity 
• Sterilization and disinfection of patient-care items 
• Environmental infection control, including the use of 

disinfectants, housekeeping services, spills of blood or 
body substances, and medical waste 

• Special considerations, such as dental handpieces, dental 
radiology, aseptic technique for parenteral medications, 
oral surgical procedures, handling of biopsy specimens 
and ext:Hcted teeth, dental laboratory, and patients with 
tuberculosis 

Infection Prevention and CGIIIrol Committees 
and Infection Conlrol Prevanllonlsts 
All health care facilities should have some type of fonnal 
infection control and prevention program in place. Its func
tions will vary slightly from one type of health care facility 
to another. In a hospital setting, the infection control and 
prevention program is usually under the jurisdiction of the 

A hospital's infec
tion oontrol and 
prevention program 
Is usually under 
the jurisdiction of 
the hospital's IPCC 
or Epidemiology 
Service. 

hospital's Infection Prevention 
' and Control Committee (IPCC) 

or Epidemiology Service. The 
IPCC committee is composed of 
representatives from most of the 
hospital~ departments, including 
medical and surgical services, 
pathology, nursing, hospital ad
ministration, risk management, 
pharmacy, housekeeping, food 

services, and central supply. The chairperson is usually an 
Infection Control Professional (ICP), such as a physician 
(e.g., an epidemiologist or infectious disease specialist), an 
infection preventionist nurse, a microbiologist, or some 
other person knowledgeable about infection control and 
prevention. 

The primary responsibilities of an ICP are as follows: 

• Possess knowledge of infectious diseases processes, res
ervoirs, incubation periods, periods of communicability, 
and susceptibility of patients 

• Conduct smveillance and epidemiologic investigations 

Figure 12·18. Dental hygienist wearing appropriate per
sonal protective equipment. A red dye was used to simulate 
a patient's saliva that can spatter onto a hygienist's face, mask, 
and protective eyewear during a polishing procedure. {From 
Molinari JA, Harte JA. Cotton'S Practfcal Infection Control 
in Dentistry. 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 201 0.) 

• Prevent/control the transmission of pathogens to in
clude strategies for hand hygiene, antisepsis, cleaning, 
disinfection, sterilization, patient-care settings, patient 
placement, medical waste disposal, and implementation 
of outbreak control measures 

• Manage the facility's infection control program 
• Communicate with the public, &cility staff, and state 

and local health departments concerning infection 
control-related issues 

• Evaluate new medical products that could be associated 
with increased infection risk 

The IPCC periodically reviews the hospital's infection 
prevention and control program and the incidence ofHAis. 
It is a policy-making and review body that may take drastic 
action (e.g .• instituting quarantine measures) when epidemi
ologic circumstances warrant. Other IPCC responsibilities 
include patient surveillance, environmental surveillance, 
investigation of outbreaks and epidemics. and education of 
the hospital staff regarding infection prevention and control. 



SPOT 
LIGHTING 
Dental Assistants and Dental 
Hygienists 

As stated in the AMA Health Care Careers 
Directory (available at http://www.ama

assn.org under "Educationj, •Dental assistants 
increase the efficiency of the dental care 
team by aiding dentists in the delivery of oral 

health care. Dental assistants are responsible for 

• Helping patients feel comfortable before, during, 
and after treatment. 

• Assisting the dentist during treatment. 
• Exposing and processing dental radiographs 

(x-rays). (Some states require additional education 
and/or examinations to perform this function.) 

• Recording the patient's medical history and taking 
blood pressure and pulse. 

• Preparing and sterilizing Instruments and 
equipment for the dentist's use. 

• Providing patients with oral care Instructions 
following such procedures as surgery or placement 
of a restoration (filling). 

• Teaching patients proper brushing and flossing 
techniques. 

• Making impressions of patients' teeth for study 
casts. (Most states require additional education 
and/or examination to perform this function.) 

• Performing various administrative and scheduling 
tasks." 

"Dental hygienists provide dental hygiene services as 
they work with dentists in the delivery of dental care 
to patients. Patient services rendered by dental hy
gienists frequently include the following: 

• Performing patient screening procedures, such as 
assessing oral health conditions, reviewing health 
and dental history, and taking blood pressure, 
pulse, and temperature; oral cancer screening; 
head and neck inspection; and dental charting. 

• Exposing and developing dental radiographs. 
• Removing calculus and plaque (hard and soft 

deposits) from teeth. 
• Applying preventive materials to teeth (e.g., 

sealants and fluorides). 
• Teaching patients appropriate oral hygiene 

techniques. 
• Counseling patients regarding proper nutrition and 

its impact on oral health. 
• Making impressions of patients' teeth for study casts. 
• Administration of anesthesia (depending upon state 

regulations). 

Information concerning educational requirements 
and programs, certification, and salary is available at 
the AMA web site." 
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Although every department of the hospital endeavors 
to maintain aseptic conditions, the total environment is 
constandy bombarded with microbes from outside the 
hospital. These must be controlled for the protection of 
the patients. Hospital personnel (usually ICPs) entrusted 
with this aspect of health care diligendy and constandy 
work to maintain the proper environment. In the event of 
an epidemic, the ICP notifies city, county, and state health 
authorities, so they can assist in ending the epidemic. 

Role of the Microbiology Laboratory In Health 
care Epidemiology 

The following are some of the ways in which CML personnel 
participate in health care epidemiology and infection control: 

• By monitoring the types and numbers of pathogens 
isolated from hospitalized patients. In most hospitals, 
such monitoring is accomplished using computers and 
appropriate sofuvare programs called Laboratory Infor
mation Systems. 

• By performing antimicrobial susceptibility testing, 
detecting emerging resistance patterns, and preparing 

POT 
LIGHTING 
Infection Control 
Preventionists 

Individuals wishing to combine 
their interest in detective work with a 
career in medicine might consider a 
career as an ICP. ICPs include phy-

sicians (infectious disease specialists or 
epidemiologists), nurses, clinical laboratory scientists 
(medical technologists), and microbiologists. Most 
ICPs are nurses, many having baccalaureate degrees 
and some with Master of Science degrees. In addition 
to having strong clinical skills, ICPs require knowl
edge and expertise in areas such as epidemiology, 
microbiology, infectious disease processes, statistics, 
and computers. To be effective, they must be part 
detective, part diplomat, part administrator, and part 
educator. In addition, ICPs function as role models, 
patient advocates, and consultants. 

Within the hospital, ICPs provide valuable ser
vices that minimize the risks of Infection and spread 
of disease, thereby aiding patients, health care pro
fessionals, and visitors. The ICP Is the key person 
In Implementing and facilitating the Institution's 
Infection control program. The ICP Is often the head 
of the hospital's IPCC and, as such, Is responsible 
for scheduling, organizing, and conducting IPCC 
meetings. At these meetings, Information Is reviewed 
of all patients suspected of having Incurred a 
hospital-associated Infection since the previous 
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meeting. The committee discusses possible or known 
causes of such infections and ways to prevent them 
from occurring in the future. The ICP receives timely 
information from the Clinical Microbiology Laboratory 
(CML,) concerning possible outbreaks of infection 
within the hospital and Is responsible for rapidly orga
nizing a team to investigate these outbreaks. ICPs are 
also responsible for educating health care personnel 
about infection risk, prevention, and control. 

and distributing periodic cumulative antimicrobial sus
ceptibility summary reports (see information on "pocket 
charts" in Chapter 9). 

• By notifying the appropriate ICP should an unusual 
pathogen or an unusually high number of isolates of a 
common pathogen be detected. The ICP will then initiate 
an investigation of the outbreak. 

• By processing environmental samples, including samples 
from hospital employees that have been collected from 
within the affected ward(s), with the goal of pinpointing 
the exact source of the pathogen that is causing the 
outbreak. Examples of environmental samples include 
air samples, nasal swabs from health care personnel, 
and swabs of sinlc_ drains, whirlpool tubs, respiratory 
therapy equipment, bed rails, and ventilation grates 
and ducts. 

• By performing biochemical, immunologic, and molecular 
identification and typing procedures to compare various 
isolates of the same species. Let us consider this example: 
assume that there is an epidemic of K JmtUmrmiM infections 
on the pediatric ward and that K jmeUmlmitle has been 
isolated from a certain environmental wnple collected on 
that ward. How do CML personnel determine that the K 
pneumomae that has been isolated from the environmental 
sample is the same strain of K pnevmoniae that has been 
isolated from the patients? Traditionally, the two most 
commonly used methods have been biotype and anti
biogram.. If the two st:rains produce the same biochemical 
test results, they are said to have the same biotype. If they 
produce the same susceptibility and resistance patterns 

when antimicrobial susceptibility testing is performed, 
they are said to have the same antibiogram. Having 
the same biotype and antibiogram is evidence (but not 
absolute proof) that they are the same strain. Because of 
the limitttions of phenotypic methods (such as biotypes 
and antibiograms), however, most hospitals are currently 
using what is known as molecular epidemiology, in which 
genotypic (as opposed to phenotypic) typing methods 
are used. Most often, these methods involve genotyping 
of plasmid or chromosomal DNA. Genotypic methods 
provide more accurate data than do phenotypic methods. 
If the two isolates of K pneumrmiae in the given example 
have exactly the same genotype r •, 
(i.e., possess exactly the same A hospital's CML 
genes), they are the same strain; participates In that 
therefore, the source of the ep- hospital's infection 
idemic has been found. Action control program in 
will then be ta1ren to eliminate .._ various ways. 

the source. 

CONCWSIONS 

I ,. 

An HAl can add several weeks to a patient's hospital stay 
and may lead to serious complications and even death. 
From an economic viewpoint, insurance companies and 
governmental agencies such as the Centers for Medicare 
and Medicaid Services (CMS) rarely reimburse hospitals 
and other health care facilities for the costs associated with 
HAis. Insurance companies and CMS take the position that 
HAis are the fault of the health care facility and, therefore, 
that the facility should bear any additional patient costs 
related to such infections. Sadly, cross-infections trans
mitted by hospital personnel, including physicians, are 
all too common; this is particularly true when hospitals 
and clinics are overcrowded, and the staff is overworked. 
However, HAis can be avoided through proper education 
and disciplined compliance with infection control practices. 

All health care workers must fully comprehend the 
problem of HAis, must be completely knowledgeable 
about infection control practices, and must personally do 
everything in their power to prevent HAis from occurring. 
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1. An HAl is one that: 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple~hoice questions. 

a. develops during hospitalization or erupts within 
14 days of hospital discharge 

b. a surgical wound infection that develops 45 
days after discharge 

c. is acquired in the community 
d. the patient has at the time of hospital admission 

2. An example of a fomlte would be: 
a. a drinking glass used by a patient 
b. bandages from an Infected wound 
c. soiled bed linens 
d. all of the above 

3. Which of the following Gram-positive bacteria is 
most likely to be the cause of an HAl? 
a. C. difficile 
b. S. 8UI8US 

c. s~~spneumon•e 
d. S. pyogenes 

4. Which of the following Gram-negative bacteria is 
least likely to be the cause of an HAl? 
a. Klebsiella species 
b. Sa/monel/a species 
c. E. coli 
d. Pseudomonas aeruginosa 

5. A Protective Environment would be appropriate for 
a patient: 
a. infected with MRSA 
b. with leukopenia 
c. with pneumonic plague 
d. with tuberculosis 

6. Which of the following is not part of Standard 
Precautions? 
a. Handwashing between patient contacts 
b. Placing a patient in a private room having 

negative air pressure 
c. Properly disposing of needles, scalpels, and 

other sharps 
d. Wearing gloves, masks, eye protection, and 

gowns when appropriate 

7. A patient suspected of having tuberculosis has 
been admitted to the hospital. Which one of the 
following is not appropriate? 
a. Droplet Precautions 
b. An AIIR 
c. Standard Precautions 
d. Use of a type N95 respirator by health 

care professionals who are caring for the 
patient 

8. Which of the following statements Is not true about 
medical asepsis? 
a. Disinfection Is a medical aseptic technique 
b. Handwashlng Is a medical aseptic technique 
c. Medical asepsis Is considered a clean 

technique 
d. The goal of medical asepsis Is to exclude all 

microbes from an area 

9. Which of the following statements is not true about 
anAIIR? 
a. Air entering the room is passed through HEPA 

filters 
b. The room is under negative air pressure 
c. An AIIR is appropriate for patients with 

meningococcal meningitis, whooping cough, or 
influenza 

d. Transmission-Based Precautions will be 
necessary 

10. Contact Precautions are required for patients with: 
a. C. difflci/e-associated diseases 
b. infections caused by multidrug-resistant 

bacteria 
c. viral hemorrhagic fevers 
d. all of the above 
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• Discuss the role of heaHh care professionals in the 
collection and transport of clinical specimens 

• Discuss general precautions that must be observed 
during the collection and handling of clinical specimens 

• List the types of clinical specimens that are submitted 
to the Clinical Microbiology Laboratory (CML) for the 
diagnosis of infectious diseases 

• Describe the proper procedures for obtaining blood, 
urine, cerebrospinal fluid, sputum, throat swabs, 
wound specimens, STD testing, and fecal specimens 
for submission to the CML 
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• State the lnformadon that must be Included on 
specimen labels and laboratory test requisitions 

• Outline the organization of the Pathology Department 
andtheCML 

INTRODUCTION 

The proper diagnosis of an infectious disease requires 
(a) taking a complete patient history, (b) conducting a thorough 
physical examination of the patient, (c) carefully evaluating 
the patient's signs and symptoms, and (d) implementing 
the proper selection, collection, transport, and processing 
of appropriate clinical specimens. The latter topics-those 
involving clinical specimens-are discussed in this chapter. 
The other topics are beyond the scope of this book. 

CLINICAL SPECIMENS 

The various types of specimens, such as blood, urine, fe
ces, and CSF, that are collected from patients and used to 
diagnose or follow the progress of infectious diseases are 
referred to as clinical specimens. The most common types 

of clinical specimens that are sent 
The clinical speci- to the hospital's microbiology 
mens that are used laboratory (hereafter referred 
to diagnose infec- to as the Clinical Microbiology 
tious diseases must 
be of the highest Laboratory or CML) are listed 
possible quality. in Table 13 -1. It is extremely im-

... _______ . .J portant that these specimens are 

• Compare and contrast the anatomical and clinical 
pathology divisions of the Pathology Department 

• Identify the various types of personnel that work in 
anatomical and clinical pathology 

of the highest possible quality and that they are collected 
in a manner that does not jeopardize either the patient or 
the person collecting the specimen. 

Role of Health Cere Professionals in the 
Submission of Clinical Spaclmans 
A close working relationship among the members of the 
health care team is essential for the proper diagnosis of 
infectious diseases. When a clinician suspects that a patient 
has a particular infectious disease, appropriate clinical 
specimens must be obtained and certain diagnostic tests are 
requested. The doctor, nurse, clinical laboratory scientist 
(CLS)Imedical technologist (MT), or other qualified health 
care professional must select the appropriate specimen, 
collect it properly, and then trans
port it properly to the CML for 
processing (Fig. 13-1). Laboratory 
findings must then be conveyed to 
the attending clinician as quickly 
as possible to facilitate the prompt 
diagnosis and treatment of the 
infectious disease. Although 
laboratory professionals do not 
themselves make diagnoses, they 

(" ) 
l.Jlboratory profes-
sionals make labo
ratory observations 
and generate test 
results that are used 
by clinicians to di
agnose Infectious 
diseases and initiate 
appropriate therapy. 

~ ) 

Types of Clinical Specimens Submitted to the Clinical Microbiology Laboratory (CML) 

'JYpe(s) of Infectious Type{s) of Infectious 
Disease That the Disease That the 
Speelman Is Used to Specimen Is Used to 

TYPe of Speelman Diagnose TYpe of Specimen Diagnose 

Blood B, F, P, V "Scotch tape prep~ p 
Bona marrow B,F Skin scrapings F 
Bronchial and bronchoalveolar B,F,V Skin snip p 

washes 
CSF B, F, P, V Respiratory (sputum, sinus, BAL} B, F, P, V 
Cervical and vaginal swabs B,F Synovial Oolnt) ftuld B 
Conjunctival swab or scraping B,V Throat swabs B,V 
Faces and rectal swabs B, P, V Tissue (biopsy and autopsy) B, F, P, V 

specimens 
Hair clippings F Urethral discharge material B 
Nail (fingernail and toenaiQ F Urtne B, F,P, V 

clippings 
Nasal swabs B Urogenital secretions (e.g., vaginal B, F. p 

discharge material, prostatic 
secretions) 

Pus from a wound or abscess B Vesicle fluid or scraping v 

B, bacter1allnfectlons; BAL, bmnchoalveolar lavage; CSF, ce!Bbrosplnal fluid; F, fungal Infections; P. parasitic Infections; V, viral Infections. 



C:llent with 5YfTlploms oi=J 
nfecllous dlseaae consults 

with clinician 

Clinician makBe pNIImlnary l 
diagnosis and writes 

order for laboratory testa • 

Appropriate specimen(s) l 
are collectsd and J 

lranspor1Bd to the laboratory 

~ 
Specinan and patient data are ' 

entarad into the labo ralory 
computer or log book J 

~ 
Speelman Is 

examined mac:roacoplcally 
and mlcrusc:oplcally 

t 
Preliminary or p188umptlve report 

may be lesued 
j 

~ 
Specimen Is cuhu1'8d, l and plates are lncubaled 

~ 
cunures aN examined and 

subcuhu1'88 or definitive l ldendllcaUon syatems set up 
J 

~ 

[ SubcuHuree and definitive I 
identification sysl8ms are 

examined and report IHUed 
____.) 

Clinician lnterpna report and 
praecrlbM trBIIInWit 

~~trt•nt outco11111 Is monitored a., 
cllnlcllln tor IIUccea or tallura 

Figure t 3-1. Diagrammatic representation of the etepa 
Involved ~ the dlagnoels of Infectious diseases (Modified 
from Winn WC Jr, at al. Konaman's Color Atlas and TexttJook of 
Diagnostic Microbiology. 6th ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2006.) 
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make laboratory observations and generate test results that 
assist clinicians to correctly diagnose infectious diseases 
and initiate appropriate therapy. 

Health care professionals who collect and transport 
clinical specimens should exercise extreme caution during 
the collection and transport of clinical specimens to avoid 
sticlcing themselves with needles, cutting themselves with 
other types of sharps, or coming in contact with any type 
of specimen. Health care personnel who collect clinical 
specimens must strictly adhere to the safety policies known 
as Standard Precautions (discussed in detail in Chapter 12). 
According to the Clinical and Laboratory Standards Institute 
(CLSI), "All specimens should be collected using aseptic 
technique and placed in or transferred into leakproof 
primary containers/receptacles with a secure closW"C. H 
collected into containers that must be opened manually, 
screw-cap closures are preferred. Care should be taken by 
the person collecting the specimen not to contaminate the 
outside of the primary container/receptacle. The primary 
retainer/receptacle should be placed into a sealed, leakproof 
secondary container/packaging, which will contain the 
specimen if the primary container/receptacle breaks or leaks 
in transit to the laboratory" (CLSI Document M29-A4, 
2014). Within the laboratory, all specimens are handled 
carefully, following Standard Precautions and ultimately 
disposed of as infectious waste. 

Importance of High-Quality Clinical Specimens 

Specimens submitted to the CML must be of the high
est possible quality. High-quality clinical specimens are 
required to achieve accu.r1lte, clinkally relevant labortltOry 
remitr--meaning results that truly provide information about 
the patient's infectious disease. It has often been stated 
that the quality of the laboratory work performed in 
a CML can be only as good as 
the quality of the specimens 
it receives. It is impossible for 
a CML to obtain and report 
high-quality test results if the 
laboratory receives poor-quality 
specimens or the wrong types of 
specimens. 

( 

High-quality clini-
cal specimens are 
required to achieve 
accurate, clinically 
relevant laboratory 
resuHs. 
~ ' _,. 

The three components of specimen quality are (a) 
proper specimen selection (i.e., the correct type of speci
men must be submitted), (b) proper specimen collection, 
and (c) proper transport of the specimen to the laboratory. 
The laboratory must provide written guidelines regarding 
specimen selection, collection, and transport in the form 
of a manual. Although the name of the manual varies from 
one institution to the next, it is 
referred to in this book. as the 
LabDnltot'y Policies tmd Procedures 
Mtmual (or the Lab PeP Mllmllll 
for short). Copies of the Lllh P&P 
Manual must be available to every 
ward, floor, clinic, and department. 
Often, it is accessible through 

The laboratory must 
provide written in
structions for the 
proper selection, 
collection, and 
transport of clinical 
specimens. 
~ 

't 

} 
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STUDY AID 
Three Components of 
Specimen Quality 

1. Proper selection of the 
specimen (i.e., to select 
the appropriate type of specimen for diagnosis of 
the suspected infectious disease) 

2. Proper collection of the specimen 
3. Proper transport of the specimen to the laboratory 

the hospiw's computer system. Although the laboratory 
prcmdes guidelines, it is the person who colleccs the 
specimen who is ultimately responsible for its quality. 

It would not be feasible in a book of this size to provide 
a complete discussion of the proper methods for selecting, 
collecting, and transporting all types of clinical specimens. 
Only a few important concepts are discussed here. See 
"Specimen Quality and Clinical Relevance" on t 1( ~1'\t 
for additional details. 

When clinical specimens are improperly collected and 
handled, (a) the etiologic agent (causative agent) may not be 
found or may be destroyed, (b) overgrowth by indigenous 
micro biota may mask the pathogen, and/or (c) contaminants 
may interfere with the identification of pathogens and the 
diagnosis of the patient's infectious disease. 

Proper Selection, Collection, and transport of 
Clinical Specimens 
When collecting clinical specimens for microbiology, the 
following general precautions should be taken: 

• The specimen must be properly selected. That is, it must 
be the appropriate type of specimen for diagnosis of the 
suspected infectious disease. 

• The specimen must be properly and carefully collected. 
Whenever possible, specimens must be collected in a 
manner that will eliminate or minimize contamination 
of the specimen with indigenous microbiota. 

• The material should be collected from a site where the 
suspected pathogen is most likely to be found and where 
the least contamination is likely to occur. 

• 'Whenever possible, specimens should be obtained before 
antimicrobial therapy has begun. If this is not possible, the 
laboratory should be informed as to which antimicrobial 
agent(s) the patient is receiving. 

• The acute stage of the disease-when the patient is expe
riencing the symptoms of the disease-is the appropriate 
time to collect most specimens. Some viruses, however, 
are more easily isolated during the prodromal or onset 
stage of disease. 

• Specimen collection should be performed with care and 
tact to avoid hamring the patient, causing discomfort, or 

causing undue embarrassment. H the patient is to collect 
the specimen, such as sputum or urine, the patient must 
be given clear and detailed collection instructions. 

• A sufficient quantity of the specimen must be obtained to 
provide enough material for all required diagnostic tests. 
The amount of specimen to collect should be specified 
in the Lab PbP Ma'IJUai. 

• All specimens should be placed or collected into a sterile 
container to prevent contarni.nation of the specimen by 
indigenous micro biota and airborne microbes. Appropri
ate types of collection devices and specimen containers 
should be specified in the Lab PttP Manual. 

• Specimens should be protected from heat and cold and 
promptly delivered to the laboratory so that the results of 
the analyses will validly represent the number and types of 
organisms present at the time of collection. If delivery to 
the laboratory is delayed, some delicate pathogens might 
die; therefore, certain types of specimens must be rushed 
to the laboratory immediately after collection. Some types 
of specimens must be placed on ice during delivery to 
the laboratory, whereas other specimens should never be 
refrigerated or placed on ice because of the fragile and 
sensitive nature of the pathogens. Obligate anaerobes die 
when exposed to air and therefore must be protected from 
oxygen during transport to the CML. Any indigenous 
m.icrobiota in the specimen may overgrow, inhibit, or 
kill pathogens. Specimen transport instructions should 
be contained in the Lab PuP Manual. 

• Specimens must be handled with great care to avoid 
contamination of the patients, couriers, and health care 
professionals. Specimens must be placed in a sealed 
plastic bag for immediate and careful transport to the 
laboratory. Whenever possible, sterile, disposable spec
imen containers should be used. 

• The specimen container must be properly labeled and 
accompanied by an appropriate laboratory test requisition 
containing adequate instructions. Labels should contain 
the patient's name, unique hospital identification number, 
and hospiw room number; requesting clin.i.ci.an's name; 
culture site; and date and time of cottection. Laboratory 
test requisitions should contain the patient's name, age, 
sex, and unique hospital identification number; name 
of the requesting clinician; specific information about 
the type of specimen and the site from which it was 
collected; date and time of collection; initials of the 
person who collected the specimen; and information 
about any antimicrobial agent(s) that the patient is re
ceiving. The laboratory should always be given sufficient 
clinical information to aid in performing appropriate 
analyses. For example, the laboratory test requisition 
that accompanies a wound specimen should not merely 
state "wound"; rather, it should state the specific type of 
wound (e.g., burn wound, dog bite wound, surgical site 
infection), the anatomical site, and whether it is on the 
left side or right side, if applicable. 

• Ideally, specimens should be collected and delivered 
to the laboratory as early in the day as possible to give 



CML professionals sufficient time to process the mate
rial, especially when the hospital or clinic does not have 
24-hour laboratory service. 

Contamination of Clinical Specimens with 
Indigenous Mlcroblota 

As mentioned in Chapters 1 and 10, vast numbers of mi
crobes live on and in the human body. Usually, they are 
collectively referred to as indigenous microbiota (or the 
human microbiome). Clinical specimens must be collected 
in a manner that eliminates, or at least reduces, contami
nation of the specimens with members of the indigenous 
micro biota. Recall that many members of our indigenous 
microbiota are opportunistic pathogens. Thus, when present 
in specimens, these organisms might merely be contaminants, 
but it is also possible that they are causing an infuction. 

bas of Clinical Specimens Usually Required 
to Diagnose Infectious Diseases 
Specific techniques for the collection and transport of clin
ical specimens vary from institution to institution and are 
contained in the institution's Lab P&P Manual. Only a few 
of the most important considerations are mentioned here. 

BIDDd 
The study of blood is known as hematology. Blood consists 
of a mixture of cells and fluid (Fig. 13-2). Within the human 
body, the liquid portion of blood is called pla.sma; it makes 
up about 55% of the volume ofblood. When a blood spec
imen is allowed to clot, the liquid portion is called serum. 
(Thus, serum is plasma that no longer contains clotting 
factors.) The cells (also referred to as celluJar elemmts or 
formed elements) malre up about 45% of the volume of blood. 
The various blood cells include red blood cells (RBCs 

Whale 
blood 

II f
r 

Pia:~-- I / p 
~ ...... , 

elements 
45% 
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or erythrocytes), white blood 
cells (WBCs or leukocytes), and 
platelets (or thrombocytes). The 
three major categories ofWBCs 
are granulocytes, monocytes, and 
lymphocytes. Lymphocytes are 
discussed in detail in Chapter 16. 
The three types of granulocytes 
are neutrophils, basophils, and 
eosinophils. 

( 

Within the body, 
the liquid portion 
of blood is called 
plasma, but if a 
blood specimen 
is allowed to clot, 
the liquid portion is 
called serum. , .... _______ .. 

As it circulates throughout the body, blood is usually 
sterile. However, blood sometimes contains bacteria. The 
presence of bacteria in the bloodstream (bacteremia) may 
indicate a disease, although temporary or transient bactere
mias may occur after oral surgery, tooth extraction, or even 
aggressive tooth brushing that causes bleeding. Bacteremia 
may occur during certain stages of many infectious diseases. 
These diseases include bacterial meningitis, typhoid fever 
and other Salwumellll infections, pneumococcal pneumonia, 
urinary infections, endocuditis, brucellosis, tularemia, 
plague, anthrax, syphilis, and wound infections caused by 
~hemolytic streptococci, staphylococci, and other invasive 
bacteria. Bacteremia should not be confused with septicemia. 
Septicemia is a serious disease characterized by chills, fever, 
prostration, and the presence of bacteria or their toxins 
in the bloodstream. The most severe types of septicemia 
are those caused by Gram-negative bacilli, owing to the 

( 

Bacteremia-the 
presence of bac
teria in the blood-
stream-may or 
may not be a sign of 
disease. Septicemia, 
on the other hand, is 
a disease. I 

endotoxin that is released from 
their cell walls. Endotoxin can 
induce fever and septic shock, 
which can be fatal. To diagnose 
either bacteremia or septicemia, it 
is recommended that at least two 
to three blood cultures of 20 mL 
each be collected sequentially and 
prior to instituting antibiotics for ..._ _, 

Other1%
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Figure 13-2. Compoalllon of whole blood. Following oentrifugation, the layer of WBCs and 
platelets-referred to as the buffy coat-lies above the RBCs. (Redrawn from Cohen BJ. Memmler's The 
Hum1111 Body in Health snd DiseiJJifJ. 11th ed. Philadelphia, PA: Uppincott Williams & Wilkins; 2009.) 
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STUDY AID 
-Emias 

The suffix -emia refers to the 
bloodstream, often the 
presence of something in 
the bloodstream. Toxemia 
refers to the presence of toxins in the bloodstream: 
bacteremia, the presence of bacteria; fungemia, the 
presence of fungi; viremia, the presence of viruses: 
parasitemia, the presence of parasites. Septicemia, 
however, is an actual disease, quite often a serious, 
life-threatening disease. Septicemia is defined as 
chills, fever, prostration {extreme fatigue), and the 
presence of bacteria or their toxins In the blood
stream. Meningococcemia Is a specific type of sep
ticemia, In which the bloodstream contains Neisseria 
mentngltldls (also known as meningococci). Leukemia 
Is also a disease-actually, there are several different 
types of leukemias. In all types, there Is a proliferation 
of abnormal WBCs {leukocytes) In the blood. Some 
types of leukemia are known to be caused by viruses. 

adult patients. Pediatric patients often have only a single 
blood culture drawn and the volume of blood drawn is 
based on the weight of the patient. 

To prevent contamination of the blood specimen with 
indigenous skin microbes, extreme care must be taken to 
use aseptic technique when collecting blood for culture. 
The person drawing the blood must wear sterile gloves, 
and gloves must be changed between patients. 

Blood for culture is usually obtained from a vein located 
at the antecubital fossa. a After locating a suitable vein, the 
skin at the site is initially cleaned and disinfected with 70% 
isopropyl alcohol and then the venipuncture site is further 
disinfected with a second method. (It should be noted that 
the protocol for skin disinfection varies from one medical 
facility to another. A popular product at this time is a 
combination of chlorhexidine gluconate and 70% alcohol. 
However, some fucilities use isopropyl alcohol or tincture 
of iodine alone; some use povidone-iodine alone; some 
use a combination of ethyl alcohol and povidone-iodine.) 
When disinfecting the site, a concentric swabbing motion 
is used, starting at the point at which the needle is to be 
inserted and working outward from that point (Fig. 13-3). 
The disinfectant is then allowed to dry. A tourniquet is 
applied and the appropriate amount of blood is withdrawn 
(Fig. 13-4). It is important not to touch the site after it has 
been disinfected. 

rrhe antecubital fossa is located on the inner part of the arm, 
opposite the bend of the elbow. The major supedicial veins in 
this area are referred to as antecubital veins. 

Figure 13-3. Proper method of pJ'8P8,ring 1he ven~ncture 
site when obtaining blood for culture. (Redrawn from Mccall 
RE, Tankersley CM. Phlebotomy &sentla18. 5th ed. Philadel
phia, PA: Lippincott Williams & Wilkins; 2012.) 

Traditionally, blood has been injected into a pair of 
blood culture bottles (one aerobic bottle and one anaero
bic bottle). The rubber tops of blood culture bottles must 
be disinfected prior to insertion of the needle. Then an 
appropriate volume of blood is injected; the amount will 
depend on the type of blood culture being used. The blood 
culture bottle(s) should be transported promptly to the 
laboratory for incubation at 3 7°C. Blood culture specimens 
should never be refrigerated. Blood cultures that required 

Figure 13-4. Blood being withdrawn from a patient's 
antecubital vein during a phlebotomy procedure. (Provided 
by Amanda Mills and the CDC.) 



SPOT 
LIGHTING 
Phlebotomists 
Phlebotomists collect, 1ransport, handle, 
and process blood specimens for anal

ysis; identify and select equipment, sup
plies, and additives used in blood collection: 
and understand factors that affect specimen 
collection procedures and test results. They 

recognize the importance of specimen collection 
in the overall patient care system, while adhering to 
infection control and safety policies and procedures. 
They practice safe blood collection and handling 
techniques that protect patients from InJury, safeguard 
themselves from accidents, and produce high-quality 
specimens while demonstrating compassion for the 
pallent. Phlebotomists demonstrate professional con
duct, stress management, and communication skills 
with pallents, peers, and other health care personnel 
as well as with the public. Information concerning edu
cational requirements and programs, certification, and 
salary Is available at the Nallonal Healthcareer Associ
ation website (http:llwww.nhanow.com/certlflcallons). 

daily observation of the bottles for growth have largely 
been replaced by automated instruments that provide 
continuous monitoring of the bottles (Fig. 13-5). Once 
growth is detected by the instrument, the technologist is 
alerted and can process the blood for organism recovery, 
identification, and susceptibility testing. 

Urine 
Urinary tract infections (UTis) are among the most common 
human infecti.ons and urine culture is the most common test 
processed in the CML. Collection of a proper specimen is 
critical for an accurate diagnosis of a UTI. Unless proper 
collection techniques are adhered to, the urine can become 
contaminated by indigenous micro biota of the distal ure
thra (the portion of the urethra farthest from the bladder). 
Contamination can be reduced by collecting a ckan-catcb, 
midrtream urine (CCMS urine). "Clean-catch" refers to 
the fact tha.t the area around the external opening of the 
urethra is cleansed by an antiseptic towelette or washing 
with soap and rinsing with water before urinating. This 
removes the indigenous microbiota that lives in this area. 
"Midstream" refers to the fact that the initial portion of the 
urine stream is directed into a toilet or bedpan, and then 
the urine stream is directed into a sterile container. Thus, 
the microbes that live in the distal urethra are flushed out 
of the urethra by the initial portion of the urine stream, 
into the toilet or bedpan, rather than into the specimen 
container. In some circumstances, the clinician may prefer 
to collect a catheterized specimen (called an "in and out" 
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Figura 13·6. An example of a commercial automated 
blood culture system, Blood obtained by phlebotomy is in
jected into aerobic and anaerobic blood culture bottles (A). 
Once bottles are placed into the system (B), they are moni
tored for growth over a 5-day period. (Provided by Dr. Roben 
Fader.) 

collection) or use the suprapubic needle aspiration technique 
to obtain a sterile sample of urine. In the latter technique, 
a needle is inserted through the abdominal wall into the 
urinary bladder, and a syringe is used to withdraw urine 
from the bladder. In hospitalized patients with indwelling 
urinary catheters, urine can be obtained by needle and sy
ringe through the catheter port after cleaning with alcohol. 
Urine should never be collected from the catheter bag. To 
prevent continued bacterial growth, all urine specimens 
must be processed within 2 hours of collection, or refrig
erated at 4°C until they can be analyzed. Refrigerated urine 
specimens should be cultured within 24 hours. Failure to 
refrigerate a urine specimen will cause an inflated colony 
count (described later), which could lead to an incorrect 
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The most com-
mon specimen 
for a urine culture 
is a clean-catch, 
midstream urine 

- diagnosis of a UTI. Alternatively 
or for remote collection, urine 
can be sent to the laboratory in a 
urine transport tube that contains 
a preservative such as boric acid 

specimen. that inhibits bacterial replication 
~-----------~J during~ort. 

There are actually three parts to a urine culture: (a) a 
colony count, (b) isolation and identification of the patho
gen, and (c) antimicrobial susceptibility testing. The colony 
count is a way of estimating the number of viable bacteria 
that are present in the urine specimen. A calibrated loop 
is used to perform the colony count. A t:alibrtsted loop is a 
bacteriologic loop that has been manufactured so that it 
contains a precise volume of urine. There are two types 
of calibrated loops: those calibrated to contain 0.01 mL of 
fluid and those calibrated to contain 0.001 mL of fluid. The 
calibrated loop is dipped into the urine specimen. Then the 
volume of urine within the calibrated loop is inoculated 
over the entire surface of a blood agar plate, which is then 
incubated overnight at 3 7"C (Fig. 13-6). After incubation, 
the colonies are counted, and this number is then multi
plied by the dilution factor (either 100 or 1,000) to obtain 
the number of colony-forming units (CFU) per milliliter 

of urine. b (fhe dilution factor is 
A complete urine 100 if a 0.01-mL calibrated loop 
culture consists was used, or 1,000 if a 0.001-mL 
of a colony count, calibrated loop was used.) Exam-
isolation and iden- pie: H the number of colonies is 
tification of the 300 and a 0.001-m.L calibrated 
pathogen, and anti- loop was used then the colony 
~i~robial. suscepti- count is 3 00 x' 1,000 or 3 00,000 
b11itytest1ng. J (3 X lOs) CFU/m.L. 

CCMS urine Blood agar plate 

(j) @ 
Figure 13·1. Obtaining a urine colony count. 1. A calibrated 
loop Is dipped Into a CCMS urine specimen. 2. The volume of 
urtne contained within the calibrated loop Is spread over the 
entire surface of a blood agar plate, which Is then Incubated 
ovemlght at 37•c. 3. The colonies are counted after the plate 
Is removed from the Incubator. (See text for additional details.) 

bA CFU is a viable bacterial cell, capable of dividing and producing 
a colony. Thus, the number of CFUs represents the number of 
viable bacteria that were present in the urine specimen at the time 
the specimen was inoculated onto the blood agar plate. 

A CFU count that is >50,000 (5 X 10"} CFU/mL is 
indicative of a UTI, although high colony counts may 
also be caused by contamination of the urine specimen 
with indigenous micro biota during specimen collection or 
failure to refrigerate the specimen between collection and 
transport to the laboratory. The mere presence of bacteria 
in the urine (/maeriuritl) is not significant, as urine always 
becomes contaminated with bacteria during urination 
(voiding). However, the presence of two or more bacteria 
per X 1,000 microscopic field of a Gram-stained urine 
smear is indicative of a UTI with 100,000 (105) or more 
CFU per milliliter. 

Cerabralplnal Fluid 
Meningitis, encephalitis, and meningoencephalitis are rap
idly fatal diseases that can be caused by various microbes, 
including bacteria, fungi, protozoa, and viruses. MmingitU 
is inflammation or infection of the membranes (meninges) 
that surround the brain and spinal column. Encephalitis is 
inflammation or infection of the brain. Meningoenapbfllitis 
is inflammation or infection of both the brain and the me
ninges. To diagnose these diseases, CSF must be collected 
into a sterile tube by a lumbar puncture (spinal tap) under 
surgically aseptic conditions (Fig. 13-7). This technically 
difficult procedure is performed by a physician. CSF spec
imens must be rushed to the laboratory and must not be 
refrigerated. Refrigeration might kill any fragile pathogens 
present in the specimen. 

Because of the extremely serious nature of central ner
vous system (CNS) infections, the CSF will be treated as a 
STAT (emergency) specimen in the CML, and a workup of 
the specimen will be initiated immediately. c If organisms 
are observed as a result of examining a Gram stain of the 
spinal fluid sediment, the infonnation will be reported by 
telephone m the clinician or nurse immediately. This is what 
is known as a crihcfll value. Critical values are laboratory 
reports that are communicated (usually by telephone) to 
a health care provider and provide information that may 
be critical to the proper care of ... , 
the patient. All CSF specimens CSF specimens 
must be cultured for organism are treated as STAT 
identification and antibiotic (emergency) spec-

imens in the CML, 
susceptibility testing. However, where workup of 
newer molecular-based assays Ute specimens is 
have been introduced recendy initiated immediately 
that may provide a faster detection upon receipt. 
of infectious agents in the CNS. ··- _.) 

Sputum and Other Respiratory Specimens 
Sprmnn is pus that accumulates deep within the lungs of 
a patient with pneumonia, tuberculosis, or other lower 
respiratory infection. Laboratory workup of a good-quality 
sputum specimen can provide important information about 
a patient's lower respiratory infection. Unfortunately, many 

csoa.t is an abbreviation of the Latin word "statim," meaning 
"immediately." 



Figure 13·7. Technique of lumbar puncture. (Redrawn from 
Taylor C, et al. FundamentaJs of Nun!llng. 2nd ed. Philadelphia, 
PA: JB Lippincott; 1993.) 

of the sputum specimens that are submitted to the CML 
are actually saliva. Owing to the presence of indigenous 
oral microbes, a laboratory workup of a patient's saliva 
will not provide clinically relevant information about the 
patient's lower respiratory infection and will be a waste of 
time, effort, and money. This situation em be avoided if 
someone (most often, a nurse) takes a moment to explain to 
the patient what is required. (For example, "The next time 
you cough up some of that thick, greenish material from 
your lungs, Mr. Smith, please spit it into this container.") If 
proper mouth hygiene is m.aint:ained, the sputum will not 
be severely contaminated with indigenous oral microbes. 
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If tuberculosis is suspected, 
extreme care in collecting and 
handling the specimen should be 
exercised because one could easily 
be infected with the pathogens. 
Usually, sputum specimens may 
be refrigerated for several hours 
without loss of the pathogens. 
Most CMLs have a policy of 
rejecting sputum specimens for 
culture if the Gram stain reveals 

(" "'! 
Laboratory workup 
of a good-quality 
sputum specimen 
can provide im
portant information 
about a patient's 
lower respiratory 
Infection, whereas 
workup of a pa
tient's saliva cannot. 

~ ) 

an abundance of squamous epithelial cells indicating that 
the specimen is of poor quality and not worth culturing 
(Fig. 13-8). 

The clinician may wish to obtain a better quality 
specimen by bronchial lavage aspiration through a bron
choscope. Needle biopsy of the lungs may be necessary for 
diagnosis of Ptuum!Jcystisjiroveci pneumonia (as in patients 
with acquired immunodeficiency syndrome [AIDS] and for 
certain other pathogens) . 

• 

Flgu,. t3·8. Gram stain of expe~orated sputum demon
etraUng a specimen 1h8t would be suitable tor culture with 
a background of while blood cells (A) and one containing 
many squamous epithelial cellll1hat would not be uaeful 
for culture (B). (Provided by Dr. Robert Fader.) 
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Throat Swabs 
Routine throat swabs are collected to determine whether a 
patient has sttep throat (Streptococcus pyogenes pharyngitis). 
H any other pathogen (e.g., Neisseria gonotrhoelle or Cory
mbaaerium diphtheriae) is suspected by the clinician to be 
causing the patient's pharyngitis, a specific culture for that 
pathogen must be noted on the laboratory test requisition, 

If a clinician sus
pects a pathogen 
other than S. pya
genes to be causing 
a patient's pharyngi
tis, that information 
must be Included on 
the laboratory test 
requisition. 

so that the appropriate culture 
media will be inoculated. Diagnosis 
of strep throat can be performed 
in the doctor's office by rapid im
munodiagnostic techniques, but 
swabs from negative rapid sttep 
tests on children should always 
be submitted for culture. This is 
due to the fact that children are 
most susceptible to post-infection 
sequellae (consequences) such as 

rheumatic fever and glomerulonephritis that may develop 
after a strep throat caused by certain strains of S. pyogenes. 

Wound and Abscess Specimens 
Whenever possible, wound and abscess specimens should 
be an aspirate (i.e., pus that has been collected using a small 
needle and syringe assembly), rather than a swab specimen. 
Unless care is taken to prepare a wound site for culture, 
specimens collected by swab are frequently contaminated 
with indigenous skin microbes and do not provide useful 
information concerning the cause of the infection. The 
person collecting the specimen should always indicate the 

The laboratory test 
requisition that ac
companies a wound 
specimen must 
indicate 1he type of 
wound and its ana
tomical location. 

site of the abscess or type of wound 
infection (e.g., dog bite, surgical 
site, or burn wound infe<:tion) on 
the laboratory test requisition as 
well as the anatomical site from 
which the specimen was obtained. 
This provides valuable information 

.J that will enable CML personnel 
to inoculate appropriate types of 

media and be on the lookout for specific organisms. For 
example, Pasteurella muJtociJ4 is frequently isolated from 
dog and cat bite wound infections, but this Gram-negative 
bacillus is rarely encountered in other types of specimens. 
Merely stating "wound" on the laboratory test requisition 
is insufficient. 

GMitai/STD SpeclmaM 
It has become standard of care that detection of Chimllydia 
tmdJfJflllltis and Neimria gontm'hoeae (GC) be accomplished 
by molecular-based assays because of the increased sensitivity 
of the assays over culture. Either urethral, vaginal, or cervical 
swabs or first catch urine can be used in molecular-based 
assays. Recovery of GC from nongenit:al sites requires 
culture on specialized media such as Thayer Martin or 
Martin Lewis agar. These agars are enriched and contain 
antibiotics to inhibit other micro biota from overgrowing the 
GC. The media must also be placed into a C02 incubator. 

A diagnosis of syphilis relies primarily on serologic testing. 
These infections are described in Chapter 19. 

Pregnant women are screened for rectal or vaginal 
carriage of Strtpto(;()(r:us aglliaaiae (Group B) during the 
35th to 37th week of pregnancy. A vaginal!rectal swab is 
placed into an enrichment broth and either cultured after 
an overnight incubation or tested by a molecula.r assay. 
Women who are colonized with Group B Streptococci 
are placed on antibiotics when they enter the hospital for 
delivery to protect the baby from postpartum infection. 

A diagnosis of bacterial vaginosis can be accomplished 
by a Gram stain of vaginal secretions. A shift in the vaginal 
microbiota from a predominance ofhctobacilli (Gram-positive 
bacilli) to a predominance of mixed anaerobic Gram-negative 
bacteria and Gardnerellll vagfnalis (Gram variable bacilli) 
indicates a high likelihood of vaginosis. Bacterial vaginosis 
can also be diagnosed by a molecular-based assay. 

Trkbt:m~ontiS vagina/is, a protozoan, is a very common 

( 

When attempting 
to culture N. gonor
lhoeae, one should 
remember that it is a 
fas11dlous (•tussy"), 
microaerophilic, 
and capnophlllc 

STD, although not reportable 
to health authorities; thus, exact 
numbers of infections per year are 
not known. Trichomoniasis can be 
diagnosed by culture, immuno
diagnostic assays, a microscopic 
examination of vaginal secretions 
looking for motile trichomonads, 
or by molecular-based assays. ..._organism. ==,_.) 

Fecal Specimens 
Ideally, fecal specimens (stool specimens) should be collected 
at the laboratory and processed immediately to prevent 
a decrease in temperature, which allows the pH to drop, 
causing the death of many Shigellll and Salmfnu/Ja species. 
Alternatively, the specimen may be placed in a container with 
a preservative that maintains a pH of 7 .0. Collection kits 
consisting of transport vials for bacterial culture and parasite 
examination are frequently used in the outpatient setting. 

In gastrointestinal infections, the pathogens frequently 
overwhelm the indigenous intestinal microbiota, so that 
they are the predominant organisms seen in smears and 
cultures. A combination of direct microscopic eomination, 
culture, biochemical tests, and immunologic tests may be 
performed to identify Gram-negative and Gram-positive 
bacteria (e.g., enteropathogenic Escherichill coli, Slllnwne/Ja 
spp., Shigella spp., Ckmridium perfringens, C. difficile, Vtbrio 
cholmu:, Campykbaaer spp., and Stapbykcoccus spp.), intes
tinal protozoa ( CryptasprJridium, r 
Giardia, En'tllmtH:ba), and intes- In gastrointesti-
tinal helminths. Vtruses causing nal infections, the 
gastroenteritis such as Norovirus, pathogens fre-
Rotavirus and Adenovirus can be quently overwhelm 
identified by immunoassays or by 1he indigenous 
electron microscopy. Recently, lntes11nal microbes, 
multiplex molecular-based assays so that they are the 
1 d .bed 1 ) b d predominant organ-
\ escn ater are eing use to isms seen in smears 
detect a broad range of common and cultures. 
diarrheal agents (Table 13-3). '-·-------) 



THE PATHOLOGY DEPARTMENT (••THE LAB1
'} 

The clinical specimens just described are submitted to the 
CML. Within a hospiw setting, the CML is an integral part 
of the Pathology Department (which is frequently referred 
to simply as "the lab}. Because virtually all health care 
personnel will interact in some way(s) with the Pathology 
Department, they should understand how it is organized 
and the types of laboratory tests that are performed there. 

The Pathology Department is under the direction of a 
pathologist (a physician who has had extensive, specialized 
training in patbolo~the study of the structural and fu.nc-

.., tional manifestations of disease). 
Within a hospital, the As shown in Figure 13-9, the 
CML is an integral Pathology Department consists of 
part of the Pathology two maJ'or divisions: Anatomical 
Department. ... _______ .) Pathology and Clinical Pathology. 

Anatomical Pathology 
Most pathologists work in Anatomical Pathology, where 
they perform autopsies in the morgue and examine diseased 
organs, stained tissue sections, and cytology specimens. 
Other health care professionals employed in Anatomical 
Pathology include cytogenetic teclmologists, cytotech
nologists, histologic technicians, histotechnologists, and 
pathologist's assistants. 

In addition to the morgue, Anatomical Pathology houses 
the Histopathology Labontory, the Cytology Labontory, 
and the Cytogenetics Laboratory. In some Pathology 
Departments, the Electron Microscopy Laboratory is also 

Pathology Department ) 

.) J 
[ Morgue : Clinical chemistry 

laboratory 

[ Histopathology }- Hematology 
laboratory laboratory 

[-~= { - Immunology 
laboratory J 

Cytogenetics Blood bank l laboratory 

l Electron microscopy { Clinical microbiology 
laboratory laboratory 

- J 

Figure t 3-9. Organization of a typical Pathology 
Department. 
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located in Anatomical Pathology. Increasingly, Pathology 
Departments also have a molecula.r diagnostics laboratory 
that is able to detect mutations leading to cancer diagnoses. 

Clinical Pathology 
In addition to the CML, Clinical Pathology consists of several 
other laboratories: the Clinical Chemistry Laboratory (or 
Clinical Chemistry/Urinalysis Labor:a.tory), the Hematology 
Laboratory (or Hematology/Coagulation Laboratory), the 
Blood Bank/Transfusion Services (or Immunohematology 
La bon tory), and the Immunology Laboratory (described 
in Chapter 16). In smaller hospitals, immunodiagnostic 
procedures are performed in the Immunology Section (or 
Serology Section) of the CML. 

Personnel working in Clinical Pathology include pa
thologists; specialized scientists such as chemists and mi
crobiologists, who have graduate degrees in their specialty 
areas; medical or clinical laboratory 
scientists (also known as medical 
~dmologim or MTs), who have 
4-year baccalaureate degrees; and 
medical laboratory technicians 
(MLTs), who have 2-year associate 
degrees. 

( The CML is located 1 

in the Clinical Pa
thology division 
of the Pathology 
Department. .._ 

POT 
LIGHTING 
Medical Laboratory 
Professionals 

__,.I 

Medical laboratory profession-
als are important members of 

the highly skilled medical team who 
work together to collect clinical data 
and diagnose diseases. Medical 

laboratory professionals include pathologists, medical 
laboratory scientists (MLSs; also known as medical 
technologists, MTs), MLTs, histologic technicians, cy
totechnologists, blood bank technologists, molecular 
technologists, phlebotomy technicians, pathologist 
assistants, and cytogeneticists. Practice settings for 
these professionals include hospital laboratories; 
commercial diagnostic laboratories; clinics; nursing 
homes; city, state, and federal public health facilities 
(e.g., the Centers for Disease Control and Preven
tion [CDCD; molecular diagnostic and biotechnology 
laboratories; research laboratories; educational insti
tutions; and commercial companies (e.g., pharma
ceutical companies and food service industries). 

MLSs (or MTs) and MLTs work in all areas of the 
clinical laboratory, Including blood bank, chemistry, 
hematology, immunology, molecular, urinalysis, and 
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microbiology. They perfonn a wide variety of lab
oratory tests used in the detection, diagnosis, and 
treatment of many diseases. MLSs have many re
sponsibilities and are held accountable for accurate 
and reliable test results. 

Education and training in Clinical or Medical Lab
oratory Science not only prepares the individual for a 
rewarding career in the profession but also serves as 
a foundation for jobs in other fields (e.g., medicine, 
medical research, forensics, biotechnology). Individu
als Interested in pursuing a career In Clinical Labora
tory Science should have a strong backgrtuld in the 
high school and college sciences (I.e., biology and 
chemistry), as well as math and computer science. 

There are two levels of Medical Laboratory Sci
ence training available. The minimum formal education 
requirements for an MLT are a 2-year associate degree 
and completion of an accredited MLT program. MLTs 
perform roume tests in all areas of the laboratory 
under the supervision of an MLS. The MLS requires a 
4-year baccalaureate degree .-!d clinical experience 
In an accredited Medical Laboratory Science program. 
MLSs are able to correlate results with disease states, 
establish and monitor quality control, and operate 
complex electronic equipment and computers. MLSs 
must be able to work in slr8ssful situations and they 
must be reliable, self-suflicient, precise, and thorough. 
Clinical education programs for MLSs may be located 
In hospitals or university settings n Include instruc
tion In microbiology, chemistry, hematology, imrTUlOI
ogy, blood banking, molecullr1Bch liquas, virology, 
phlebotomy, urinalysis, managenwtt, Sld education. 
lb ensure competency, graduat• of both MLS and 
MLT clinical education programs must be certified by 
one or both of the two national credentialing agencies: 
the American Society for Clinical Pathology (ASCP) or 
the National Credentialing Agency (NCA). Additional 
lnfonnation concerning th1188 professions, including 
educational programs, certiftcatlon, and sUvies can 
be found at the following web sitll8: 
• American Society for Clinicall..aboratory Science 

(http://www.ascls.org) 
• American Society for Clinical Pathology (http:// 

www.ascp.org) 
• National Accrediting Agency for Clinical Laboratory 

Sciences (http://www.naacls.org) 
• National Credentialing Agency (http://www.nca-info.org) 

THE CUNICAL MICROBIOLOGY 
LABORATORY 

Orpnization 
Depending on the size of the hospital, the CML may be 
under the direction of a pathologist, a microbiologist (having 
either a master or doctor of clinical microbiology degree), 

or, in smaller hospitals, a MT who has had many years of 
aperience working in microbiology. Most of the actual 
bench work that is performed in the CML is performed 
by MLSs and MLTs. 

As shown in Figure 13-10, the CML is divided intx> 
various sections, which, to a large degree, correspond tx> 
the various categories of microbes. With the exception 
of the Immunology Section, the responsibilities of the 
specific sections of the CML are described in this chapter. 
Procedures performed in the Immunology Section are 
described in Chapter 16. 

Responsibilities 
The primary mission of the CML is to assist clinicians 
in the diagnosis and treatment of infectious diseases. To 
accomplish this mission, the four major, day-to-day re
sponsibilities of the CML are tx>: 

1. Process the various clinical ' 
The four major!"&-

specimens that are submitred tn sponsibilities of the 
the CML (described previously) CML aru to (a) pro-

2. Isolate pathogens from those cess clinical spec-
specimens lmens, (b) Isolate 

3. Identify the pathogens to the pathogens, (c) !den-
species level tify pathogens to tha 

4. Perform antimicrobial suscepti- species level, and 
bility testing whe.n appropriate (d) perfonn antimi-
t:o do 50 crobial susceptibility 

The exact steps in the processing 
of clinical specime.ns vary from 
one specimen type to another and 

testing when appro
priate to do so. 

' _, 
·--

also depend on the specific section of the CML to which 
the specimen is submitted. In general, processing includes 
the following steps: 

• Enmining the specimen wcr<r 
scopically and recording pertinent 
observations (e.g., cloudiness or 
the presence of blood, mucus, 
or an unusual odor) 

• Enmining the specimen mi
croscopically and recording 
pertinent observations (e.g., 
the presence of WBCs or 
microorganisms) 

• Inoculating the specimen to 
appropriate culture media 
in an attempt to isolate the 

r·-----
ln general, the pro
cessing of clinical 
specimens in the 
CML includes (a) 
examining the spec-
imen macroscopi
cally, (b) examining 
the specimen mi
croscopically, and 
(c) Inoculating the 
specimen to appro
priate culture media. , 

~ . 

pathogen(s) from the specimen and get them growing 
in pure culture in the laboratory 

The CML is sometimes called on to assume m addi
tional responsibility, namely the processing of environ
mental samples (i.e., samples collected from within the 
hospital environment). Such samples are processed by the 
CML whenever there is an outbreak or epidemic within 
the hospital, in an attempt to locate the source of the 
pathogen involved. Environmental samples include those 
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Figure 13·10. Organization of a typlcel Cllnlcel Microbiology Laboratory (CML). <IV!rology and Mycobacteflology Sections 
are usually found only In larger hospitals and medical centers. Lacking these sections, most of the smaller hospitals would Instead 
send virology and mycobacteriology specimens to a reference laboratory. bOnly smaller hospiblls would have Immunology Sections, 
where some immunodiagnostic procedures would be perfonned. Larger hospiblls and medical C9111ers would have an Immunology 
Laboratory, which would perform a much wider variety of immunologic procedures and would operate independently of the CML. 
Larger hospitals may have a dedicated molecular diagnostics laboratory or the testing may be incorporated into one of the existing 
divisions of the CML. 

collected from appropriate hospital sites (e.g., ftoors, sink 
drains, showerheads, whirlpool baths, respiratory therapy 
equipment) and employees (e.g., nasal swabs, material from 
open wounds). 

Frequendy, CML personnel are the first people to rec
ognize that an outbreak is occurring within the hospital. For 

SOMETHING 
TO THINK 
ABOUT 
Although the results of some labora
tory procedures (such as certain of 

the automated procedures performed 
in the Chemistry Section) are often avail
able within hours after arrival of the 
specimens in the laboratory, such is 

usually not the case with CML procedures. 
CML procedures frequently require a pure culture of 
the suspected pathogen, which often takas a min
imum of 24 hours to obtain. Once a pure culture is 
available, an additional 24 hours or mora are often 
required to obtain a species identification and anti
microbial susceptibility test results. 1berefore, indi
viduals who submit specimens to the CML should 
expect a 1- or 2-day delay between submission 
of the specimens and receipt of CML results. 
Fortunately, soma of the newer techniques (such as 
molecular and immunodiagnostic procedures) do 
provide same day results. 

example, CML personnel might 
note an unusually high number of 
isolates of a particular pathogen 
from specimens submitted from a 
particular ward. The CML would 
notify the Hospital Infection Pre
vention and Control Committee 
(described in Chapter 12) of the 
unusually high number of isolates, 

A less frequent 
responsibility of the 
CML is to process 
environmental sam
ples whenever there 
Is an outbreak or 
epidemic wHhln the 
hospital. ..._ I _, 

and the committee would then be responsible for collecting 
appropriate environmental samples and submitting them 
to the CML for processing. 

Isolation and Identification 01 PathOgens 
In an effort to isolate bacteria (including mycobacteria) 
and fungi (yeasts and moulds) from clinical specimens, 
the specimens are inoculated into liquid culture media or 
onto solid culture media. The goal is to get any pathogens 
that are present in the specimen growing in pure culture 
(by themselves), and in large number, so that there will 
be a sufficient quantity of the organism to inoculate ap
propriate identification and antimicrobial susceptibility 
testing systems. Specific types of media were discussed in 
Chapter 8. The manner in which 
pathogens are identified depends 
on the particular section of the 
CML to which the specimen was 
submitted. (Note: As previously 
mentioned, throughout this 
book, the term "to identify an 
organism" means to learn the 
organism's name.) 

r 'I 
To isolate bacteria 
and fungi from 
clinical specimens, 
specimens are 
inoculated into liquid 
culture media or 
onto solid culture 
media. 1 ... _______ .J 
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Bacteriology Section 
The overall responsibility of the Bacteriology Section of 
the CML is to assist clinicians in the diagnosis of bacterial 

The overall respon
sibility of the Bac
teriology Section of 
the CML is to assist 

diseases. In the Bacteriology 
Section, various types of clinical 
specimens are processed, bacterial 
pathogens are isolated from the 
specimens, tests are performed to 

clinicians in the di- identify the bacterial pathogens, 
agnosis of bacterial and antimicrobial susceptibility 
diseases. ..J testing is performed whenever it is 

appropriate to do so (Fig.13-11). 
Once they are isolated from clinical specimens, bacterial 
pathogens are identified by gathering clues (phenotypic 
characteristics). Thus, CML professionals are very much 
like detectives and crime scene investigators (Fig. 13-12), 
gathering "clues" about a pathogen until they have sufficient 
clues to identify it. 

The various phenotypic characteristics (clues) useful 
in identifying bacteria include the following: 

,.-------..., • Gram reaction (i.e., Gram-pos
CML profession
als gather "cluesR 
(phenotypic char
acteristics) about a 
pathogen until they 
have sutnclent Infor
mation to identify it. 

itive or Gram-negative) 
• Cell shape (e.g., cocci, bacilli, 

curved, spiral-shaped, :filamen
tons, branching) 

J 

• Morphologic arrangement of 
cells (e.g., pairs, tetrads, chains, 
clusters) 

Specimen processing 
• Macroscopic examination 
• Gram stain observations 
•Inoculation of media 

Obtain a pure culblra ot 1 
the .uapeclad pldhagan J 

f 
Perform IMtll neceAuy 

to Identify (•peel ... ) 
a111pecl8d pldhagan 

Perform antimicrobial 
suacaptlblllty tutlng 

Report ftndlng• 
to clinician 

l 

Figure 13·11. Flowchart llluetratlng the eequence of 
evenbl that occw within the Bacteriology Section of the 
Clinical Microbiology Laboratory. 

Figure 13-12. Clinical Microbiology Laboratory profeaion
als are very much like det:ectivn and crime scene investi
gators. They gather "clues• about a pathogen until they have 
enough infonnation to identify the culprit to the species level. 

• Growth or no growth on various types of plated media 
• Colony morphology (e.g., color, general shape, elevation, 

margin) (Fig. 13-13) 
• Presence or absence of a capsule 
• Motility 
• Presence of bacterial spores 
• Location of spores (terminal or subterminal) 
• Presence or absence of various enzymes (e.g., catalase, 
coagulase,~dase,urease) 

• Ability to catabolize various carbohydrates and amino acids 
(miniaturized biochemical test systems-"minisystems"
are often used for this purpose (Fig. 13 -14) 

• Ability to reduce nitrate 
• Ability to produce indole from tryptophan 
• Atmospheric requirements 
• Type ofhemolysis produced (Fig.13-15) 

Figure 13-13. Clinical Microbiology Laboratory protea
elonal examining bacterial colonlea. (Provided by Dr. Robert 
Fader and Blomed Ed, Round Rock, lX.) 



Flgur. 13-14. An example of a miniaturized biochemical 
test ey81em (mlnllystem). The minisystem Illustrated here, 
called the RapiD NF, is primarily used for identification of 
Gram-negative bacilli ather than members of the family Entafo.. 
bacteriaceee. Ot is sold by REMEL, Lenexa, KS.) Each cupule 
contains a diffel'9nt substrate. The upper strip shows the color 
of each cupule Immediately after Inoculation. Following 4 hours 
of Incubation, the colors In the compartments (lower strlp) are 
interpreted as either positive or negative test results. Based on 
the pattern of positive and negative reactions, a six-digit biotype 
number is calculated. In most cases, the number is specific for a 
particular bacterial species. (Provided by Dr. Robert Fader.) 

Mycology Section 
The overall responsibility of the Mycology Section of 
the CML is to assist clinicians in the diagnosis of fungal 
infections (mycoses). In the Mycology Section, various 
types of clinical specimens are processed, fungal pathogens 
are isolated, and tests are performed to identify the fungal 
pathogens. In general, the specimens processed in the 
Mycology Section are the same types of specimens that 
are processed in the Bacteriology Section. However, three 
types are specimens are much more commonly submitted 
to the Mycology Section than to the Bacteriology Section: 
hair clippings, nail clippings, and skin scrapings. 

A potassium hydroxide preparation (KOH prep) is per
funned on hair clippings, nail clippings, and skin scrapings. 

(See • ~int for details of the 

The overall respon
sibility of the My
cology Section of 

-, KOH preparation.) The KOH acts 
as a clearing agent by dissolving 
keratin in the specimens. This 
enables the technologist to see 
into the specimens when they 
are examined microscopically 

the CML is to assist 
clinicians in the di
agnosis of fungal in
fections (mycoses). 

~--------------~ 
and to determine whether any 
fungal elements (e.g., yeasts or 

hyphae) are present in the specimen. In laboratories with 
access to a fluorescence microscope, a fluorochome stain 
such as Calcofiuor white can be used with KOH to examine 
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Flgur. 13·15. Photograph demonstraUng 1he 1hree types 
of hemolysle that can be observed on a blood agar plate. 
a-Hemolysis is a green zone around the bacterial colony 
(upper right). «·Hemolytic bacteria produce an enzyme that 
causes a partial breakdown of hemoglobin in the RBCs in the 
medium, resulting in (sometimes subtle) green color. P-Hemo
lysls Is a clear zone around the bacterial colony (upper left). 
IS-Hemolytic bacteria produce an enzyme that completely 
destroys {lysas) the RBCs, thus producing a very distinct clear 
zone. y-Hemolysis is no hemolysis at all (neither a green zone 
nor a clear zone around the bacterial colony). ')"Hemolytic 
bacteria (also referred to as nonhemolytic bacteria) produce 
neither of these enzymes and, therefore, cause no change in 
the RBCs (bottom of plate). 

specimens for the presence of fungi. Stained tissue specimens 
are also examined for the presence of hyphae (Fig. 13-16), 
most often in the Anatomic Pathology laboratory. 

Specimens will also be inoculatEd onto selective medium 
for fungi. such as Sabouraud dextrose agar. Bacteria do not 
grow on this medium because of the low pH (pH S .6). but 
most fungi grow quite well Additionally, a blood agar plate 

Figura 13·18. Fungal hyphae (arrows) In a stained heart 
valve specimen from a patient with zygomycosis. (Provided 
by Dr. Libero Ajello and the CDC.) 
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that contains antibiotics to inhibit bacterial growth will also 
be inoculated. Fungal cultures are normally held for 3 to 
4 weeks because of the slow growth rate of many fungi. 

When isolated from clinical specimens, yeasts are identified 
by using 'mious biochemical tests, primarily by their ability 

When isolated from 
clinical specimens, 
yeasts are identi
fied using various 
biochemical tests, 
primarily based 
on their ability to 
catabolize various 
carbohydrates. 

to catabolize various carbohydrates 
(Fig. 13-17). Chromogenic agars, 
which produce different colored 
colonies, can also be used for 
yeast identification (Fig. 13-18). 
Moulds are ident:Uied using a 
combination of rate of growth 
and macroscopic and microscopic 
observations, not by performing 

~ biochemical tests. Macroscopic 
observations are things that you 

can learn about the mycelium by looking at it with the 
naked eye-like color, texture, and topography (Figs. 13-19 
and 13-20). 

To examine a mould microscopically, a tease mount is 
prepared. A drop of stain is placed on a glass microscope 
slide. A small piece of the mycelium is placed into the 
drop. Teasing needles (also known as dissecting needles) 
are used to gently pull (tease) the piece of mycelium apart, 
enabling the CML professional to see various identifying 
characteristics of the mould. A glass coverslip is added, 
and the tease mount preparation is examined under the 
microscope. Alternatively, a "scotch tape" preparation can 
be used by carefully touching a piece of clear tape onto the 
,--------., surface of a mould colony. This 

When isolated 
from clinical spec
imens, moulds are 
identified using a 
combination of rate 
of growth and mac
roscopic and micro
scopic observations. 

- _..! 

transfers conidia and mycelial 
structures to the tape. The tape 
is then carefully placed in a drop 
of stain on a microscope slide. 
The stain that is used in the tease 
mount or scotch tape preparation 
is lactophenol cotton blue, con
taining lactic acid, phenol, and 

Rgure 13-17. Miniaystam for the identification of yeasts. 
{Sold by REMEL, Lenexa, KS.) (Provided by Dr. Robert Fader.) 

Figure 13·18. CHROMagarCandlda. Chromogenic sub
stances are Incorporated Into the agar and produce different 
colored colonies. Green colonies are Candida albicans, blue 
colonies are Candida tropicslis, mauve and fringy colonies are 
identified as Candida krusei, and small, smooth mauve colo
nies are ldentlfled as Candida glabrata. (CHROMagar Candida 
Is sold by Becton Dickinson and Co. Sparks, MD.) (Provided by 
Dr. Robert Fader.) 

cotton blue. The lactic acid preserves morphology. The 
phenol kills the organisms, so they will not be infectious. 
The cotton blue stains the mycelial structures and conidia 
blue (Fig. 13-21 ). For safety reasons, the slide preparation 
is always performed in a biological safety cabinet (BSL). 

When the tease mount or scotch tape preparation is 
examined microscopically, the first thing to determine is 
whether the mould has septate or aseptate hyphae (described 
in Chapter 5). Next, the technologist will look. for conidia 
or spores and the structures from which they are produced. 

Figure 13-11. A colony (mycelium) of an A.spetgi/lus spe
cies. Moulds in the genus .Aspergillus can cause sinusitis, 
lower respiratory Infections, and Infections of the eyes, heart, 
kidneys, skin, and other organs, most commonly In Immu
nosuppressed patients. (From Winn WC Jr, et al. Koneman's 
Color Atlas snd Textbook of Diagnostic Microbiology. 8th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 



Flture 13-20. Colonlee (mycelia) o'l a Penlt:DIIum epeclee. 
Although penicillin is derived from Penicillium, various species 
in this genus can also cause lung, liver, and skin infections 
in immunosuppressed patients. (From Winn we Jr, et al. 
Koneman's Color Atlas and Textbook of Diagnostic Microbiology. 
6th ed. Philadelphia, PA: Upplncott Williams & Wilkins; 2006.) 

The appearance of these structures further enables the 
technologist to identify the mould (Fig. 13-21). 

Susceptibility testing of filamentous fungi is not cur
rently performed in most CMLs; however, because of 
the ever-growing problem of drug resistance in yeast, it 
is commonplace for larger microbiology laboratories to 
offer this service. 

Parasitology Section 
The overall responsibility of the Parasitology Section of 
the CML is to assist clinicians in the diagnosis of parasitic 
diseases-specifi.cally, infections caused by endopara.sites 
(parasites that live within the body), such as parasitic pro
tozoa and helminths (parasitic worms). In general, parasitic 
infections are diagnosed by observing and recognizing 
various parasite life cycle stages (e.g., trophozoites and cysts 
of protozoa; microfilariae, eggs, and larvae of helminths) in 
clinical specimens. Parasites are identified primarily by the 
clwacteristic appearance (e.g., size, shape, internal details) of 
the various life cycle stages that are seen in clinical specimens. 
A limited number ofimmunodiagnostic assays can be used to 

Figure 13·21. Scotch tape praparalion of a Penicillium 
mycelium. (Provided by Dr. Robert Fader.) 
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diagnose some parasitic infed:ions 
(e.g., Giarrlia, c~, 
Plasmodium). Sometimes, whole 
worms or segments of worms are 
observed in fecal specimens. The 
Parasitology Section also is called 
upon to identify arthropods Q.ice, 
ticks) and mites (scabies). Parasites 
are described in detail in Clulpter 21. 

VIrology Section 

(" "'! 
The overall respon
sibility of the Para
sitology Section of 
the CML is to assist 
clinicians in the di
agnosis of parasitic 
diseases. Parasites 
are Identified primar
Ily by their charac
teristic appearance. 1 .... ______ _, 

The overall responsibility of the VIrology Section of the CML 
is to assist clinicians in the diagnosis of viral diseases. If you 
recall from Chapter 4s viruses require mammalian cells for 
growth. Initially, virology diagnostic techniques were based on 
cell culture and were cumbersome. To days many viral diseases 
such as influenza and respiratory syncytial virus are diagnosed 
using immunodiagnostic procedures (described in Chapter 16) 
or i.na'easingly by molecular amplification teclmiques such 
as polymerase chain reaction (PCR; described on tr J.\.~). 
Other techniques used to identify viral pathogens are: 

• Observation of intracytoplasmic or intranuclear viral 
inclusion bodies in specimens by cytologic or histologic 
examination (Fig. 13-22) 

• Observation of viruses in specimens using electron 
microscopy 

• VlnlS isolation by use of cell cultures; viruses are identified 
primarily by the type(s) of cell lines that they are able to 
infect and the physical changes (called cytopathic e~ct 
or CPE) that they cause in the infected cells (Fig. 13-23). 
Cell culture work is still used in public health laboratories 
for characterization of viruses in neutralization assays. 

MJcobactarlology Secllon 
The primary responsibility of the Mycobacteriology Se<:tio.n 
(or nTB" or "AFB" Lab, as it is often called) of the CML is 
to assist clinicians in the diagnosis of tuberculosis and other 
mycobacterial infections. In theMycobacteriology Section, 
various types of specimens (primarily sputum specimens) 
are processed, acid-fast staining is performed, mycobacte
ria are isolated and identified, and susceptibility testing is 

Fltu,. 13·22. Intracytoplasmic Inclusion body (called a 
Negri body} In a brain cell from a patient wHh rable8. (From 
Harvey RA et al. Uppincott's Illustrated Reviews: Microbiology. 
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 
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The overall 
responsibility of the 
Virology Section of 
the CML is to assist 
clinicians in the 
diagnosis of viral 
diseases. 

-, performed. MycobiiCUrium spp. are 
characterized using a combination 
of growth characteristics (e.g., 
growth rate, colony pigmentation, 
photoreactivity; and morphology) 
and various biochemical tests. Full 
identification of mycobacteria is 
accomplished by molecular probe 

techniques or by nucleic acid sequencing. Mycobacterium 
t:uhemdosis, the primary cause of human tuberculosis, is a 
very slow-growing organism. Fortunately. the acid-fast 
stain (described in Chapter 4) enables rapid presumptive 
diagnosis of tuberculosis and molecular-based assays can 
confirm the diagnosis within a couple of hours. 

Molecular Section 
It is becoming increasingly common in microbiology 
laboratories to have a section that specializes in molecular 
diagnostic techniques for identifying pathogens, either in 
direct patient specimens or following growth in culture. 
Some amplification assays identify individual organisms 
(Table 13-2), whereas others are multiplex assays that can 
identify a broad range of pathogens (Table 13-3). Amplifi
cation techniques are discussed in further detail on r- Po.nt. 

Figure 13-23. Cytopatfllc efl'ect. A. Normal appearance 

Nonmolecular Methods tor Direct Detection of In
fectious Agents. Some infectious agents can be detected 
in patient specimens either by fluorescent antibody stains 
that target antigens on the organism surface or immuno
diagnostic methods called enzyme immunoassays (EIAs) 
that are based on an antigen/antibody reaction that will 
be described in greater detail in Chapter 16. These assays 
are rapid, relatively inexpensive, and easy to perfonn, but 

of human diploid fibroblasts. B. The appearance of the same 
cells, 48 hours after being inoculated with herpes simplex type 
2 virus. {From Engleberg NC, et al. Schaechter's Mechanisms 
of Microbial Disease. 4th eel. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2007.) 

Pathogens That Can Be Identified by Nucleic Acid Amplification Technology 
in Direct Patient Specimens 

Bacteria 

Bortletetla pertussis 

Mycoplasma pneumonfae 
Streptococcus pyogenes 
StteptococcU8 agalactfae 
Chlamydia trachomatls 
Neisseria gonorrhoeae 
Staphylococcus aureus (MRSA) 
Enterococcus (VRE,) 
Closttfdlum dlfflcl/e toxins A and B 

Cytomegalovirus 

Epstein-Barr virus 
Hepatitis B and C 
HIV 
Herpes simplex 1 and 2 
lnftuenza A and B 
Polyoma viruses (BKIJC} 
Respiratory syncytial virus 
Human metapneumovlrus 
Chikungunya virus 
Dengue virus 
Zlkavfrus 
Human papilloma viruses 
Enteroviruses 
Varicella-zoster virus 
West Nile virus 

MRSA, methicillin-resistantS. aureus; VRE, vancomycin-resistant enterococci. 

Mycobacteria 

Mycobacterium 
tuberculosis 

Parasites 

Plasmodium species 

Ttlchomonas vaglnalls 
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Syndromic Multiplex Assays for Direct Detection of Pathogens from Clinical Specimens 

Reepiratory Dianheal MeningitiaiEncephalitie Blood Cultures Genital 

Adenovirus Campytobacter spp. Eschertchla coli serotype Aclnetobacter spp. Candida spp. 
K-1 

Bocavlrus Clost!fdlum dlfflclle Haemophlluslntluenzae Cltrobacter spp. Chfsmydta 
toxlnaA/B trachomatls 

Coronaviruaes Plesiomonas Neisseria meningitidis Enterobacter spp. Gardneralla vaginalis 
shigelloides 

Human Salmonella spp. Stteptococcus aga/Bctia& E. coli Neisseria 
metapneumovirus gonorrhoeB.e 

Influenza A and B Yersinia enterocolitica S. pneumoniae Klebsiella spp. Trichomonas 
vagina/is 

Parainfluenza viruses Vibrio spp. Usteria monocytogenes Proteus spp. Human 
1,2,3,4 papillomavirus 

Respiratory syncytial Diarrheagenic E. coli Cytomegalovirus Pseudomonas 
virus aeruginosa 

Rhinovirus/Enterovirus Cryptosporidium Enterovirus Staphylococcus aureus 
Bordfltelfa pertussis Cyclospo~a Epstein-BarT virus Staphylococcus 

epidermidis 
Chlamydophifa Entamoeba histolytica Herpes simplex virus 1 & 2 Staphylococcus 

pneumoniae lugdunensis 
Mycoplasma Giardia intestinaJis Human herpes virus-6 Sttaptococcus 

pneumontae agafactlae 
Adenovirus Parechovlrus ~tococcusanglno-

susgp. 
Astrovlrus Varicella-zoster virus ~tococcus 

pneumonlae 
Norovfrus Cryptococcus Streptococcus 

neofotma~~slgattll pyogenes 
Rotavlrua Enterococcus fa&CBfls 
Sapovlrus Enterococcus faeclum 

Usterla monocytogenes 
Antibiotic resistance 

genes 
Candida alblcaM 
Candida glabrata 
Candida kruse/ 
Candida parapsllosl$ 
Candida trop/calfs 

The pathogens listed are included in some but nat all of the muHiplex assays cut18ntly used in the CML 

lack the sensitivity of molecular-based assays. Table 13-4 
lists some of the infectious agents that can be detected by 
these assays. 

Organism Identification from Cullure. Problem organ
isms that cannot be identified by phenotypic characteristics 
often can be identified either by nucleic acid sequencing 
or by a newer technique utilizing mass spectrometty 
instrumentation. 

16S Ribosomal RNA Gene Sequencing. Difficult to 

identify organisms are often able to be definitively iden
tified by 16S ribosomal RNA gene sequencing. The 16S 
ribosomal RNA gene (rDNA) has highly conserved and 
highly variable regions that can be used for microbial iden
tification. The DNA is first extracted from the organism; 

the target segment of about 500 base pairs is amplified 
through PCR technology and then sequenced on an au
tomated sequencer. The resulting nucleotide sequence is 
compared to known sequences in public databases such 
as GenBank, a repository of sequences maintained by the 
National Institutes of Health. The MicroSeq Microbial 
Identification System (Applied Biosystems, Foster City, 
CA) has kits and an electronic database that can be used 
for bacterial or fungal identification. The results can be 
obtained in approximately 5 hours. 

Mllttix-Assisted Laser Duorption Ionization-Time of 
Flight Mass Spectrometry (MALDI-TOF MS). Recently, 
bacterial identification has been revolutionized by the 
use of mass spectrometry. Specifically, a technique called 
Matrix-Assisted Laser Desorption Ionization-Time of 
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Fluorescent Antibody 
Stains 

Human metapneumovirua 
Influenza A and B 
Parainfluenza viruses 1-4 
Respiratory syncytial virus 
Cytomegalovirus 
Herpes simplex viruses 

1 and2 
Legionella pneumophila 
Pneumocystis jirovecii 

Cryptosporidium 
Giardia 

Enzymelmmunoassays 

Influenza A and B 
Respiratory syncytial virus 
Rotavirus 
Campytcbacter 
Clostridium d;tficife toxins 
Helicobscter pylori 

Legionella pneumophila 
Shiga·like toxins of Esche-

richia coli 
Streptococcus pneumoni8.9 
Streptococcus pyogenes 
Cryptosporidium 
Giardia 
Plasmodium falcip81ltm and 

Plasmodium vivax 

Flight (MALDI-TO F) measures the mass-to-charge ratio 
of ionized particles such as proteins from an organism. 
The technique produces a proteomic fingerprint that can 
be compared to known reference strains. Results can be 
obtained in minutes and has the potential of rapid iden
tification of bacteria. fungi. and mycobacteria. Additional 
information on the MALDI-TOF can be found on " Point. 

AnUmlctOblal Susceptibility Testing. It is the respon
sibility of microbiology laboratory personnel to determine 
which organisms may play a pathogenic role in an infec
tion and which organisms are simply colonizers that were 
present in the specimen. Once a pathogen is identified, the 
organism is tested against a battery of antimicrobial agents 
to determine which agents might be useful for therapy. In 
the past, antibiotic susceptibility testing was performed only 
against bacteria. However, in recent years, it is becoming 
more commonplace to also test yeasts and mycobacteria. 
V.II'Uses can be tested by molecular sequencing assays to 
determine if resistance genes are present. There are no 
established methods for susceptibility testing of parasites. 

Three main methods are used for susceptibility testing: 

• Disk diffusion 
• Broth microdilution 
• Gradient diffusion 

The disk diffusion method requires a standardized inoc
ulum of the organism to be tested. Using a swab moistened 
with the inoculum, the surf.a.ce of an agar plate is streaked 
in three different directions to ensure a confluent growth of 
organisms. After allowing the inoculum to absorb into the 

Figure 13·24. Examplea of dlek diffusion antibiotic eue· 
ceptlblltty teatlng. The plate on the left had been inoculated 
with a bacterial spac::ies that was susceptible to all of the 
antibiotics that were tested. The plate on the right had been 
inoculated with a carbapenem-resistant member of the family 
Enterobacteriacae. That organism was resistant to all of the 
antibiotics that were tested. (Provided by Melissa Dankel and 
the CDC.) 

agar. antibiotic disks are placed on the agar and the plate is 
incubated overnight at 3 soc. The antibiotics diffuse through 
the medium and if there is activity against the organism, 
a circular zone of inhibition will be present surrounding 
the disk after incubation (Fig. 13-24). Reference guides 
are then used to determine if the organism is susceptible 
or resistant to the antibiotics. 

The broth dilution method requires a dilution series 
of the antibiotic and can provide a minimum inhibitory 
concentration (or MIC} that is defined as the lowest con
centration of the antibiotic that results in no visible growth 
of the organism after incubation. Panels are awil.able that 
allow the testing of many antibiotics at once (Fig. 13-25). 
The broth dilution method has been automated with instru
mentation incubating the panels, reading the endpoints of 
the dilution series, and determining whether the organism 
is susceptible or resistant to the antimicrobial agents. 

The gradient diffusion method combines some of the 
properties of the disk diffusion and broth dilution. In this 
method, an agar plate is prepared as described above for 
disk diffusion. However, rather than adding an antibiotic 
disk. a plastic strip that contains a gradient of antibiotic 
is added to the agar. The antibiotic diffuses through the 
medium during over the overnight incubation and an el
liptical zone of inhibition is present after incubation. The 
MIC of the antibiotic is detennined where the growth of 
the organism intersects with the gradient strip (Fig.B-26). 

Additional infonnatio.n pertaining to the CML, including 
molecular diagnostic procedures, antimicrobial suscepti
bility testing, quality assurance and quality control in the 
CML, an.d safety in the CML, can be found on ;ePoirrt 
("Responsibilities of the Clinical Microbiology Laboratory"). 



SOMETHING 
TO THINK 
ABOUT 

•1n addition to diagnosing infections 
caused by well-established patho-

gens, clinical microbiologists uncover 
new pathogens, acting as sentinels for 
possible epidemics. They also provide 
statistical and clinical infonnation re-

garding pathogens on the scene and spur 
demands on research to create novel diagnostic 
tools. In fact, development of such tools is taking 
place so swiftly that, in not too many years, the 
practice of clinical microbiology may well become 
unrecognizable. Not only is the use of nucleic ac
id-based techniques expected to expand, but other 

Chapter 13 • Diagnosing Infectious Dieeaees 259 

sophisticated techniques such as mass spectrometry 
will make microbiological diagnoses ever more rapid 
and accurate." (Schaechter E. The excitement of clin
ical microbiology. Microbe. 2013;8:11-14.) 
These predictions, written in 2013, have certainly 
come to pass with many new molecular platfonns 
having being approved for infectious disease di
agnoses. Furthermore, full laboratory automation 
is currently being introduced to some laboratories. 
Specimens will be inoculated onto agar plates by in
strumentation, the plates will be carried by conveyor 
to •smart" incubators where incubation will occur. 
The incubators will be equipped with cameras that 
will examine the media for evidence of growth. Media 
showing growth can be examined at a computer sta
tion where the technologist can direct the processing 
of the colony by touch screen for identification and 
susceptibility testing without ever touching the plates! 

Figura t3·26. Broth mlcrodllutfon panel for antibiotic ausceptl:llltty testing. Many differ
ent antibiotics can be simultaneously tested against an organism. Growth in the presence of 
the antibiotic is noted by a button of cttlls at the bottom of the wells. The organism shown hare 
is resistant to ampicillin (Am. top right) and penicillin (P; second row from bottom on the right). 
The MIC to vancomycin (Va, bottom row on right would be interpreted as 1 pg/mL). (The Mi
croScan PM34 MIC panel, shown here, Is sold by Beckman Coulter Inc, Bree, CA.) (Provided 
by Or. Robert Fader.) 
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Figure 13-H. Gradient diffusion method for antibiotic sus
ceptl)lltty testing. The S1J1p has a penneable membrane that al
lows the antibiotic to diffuse out fn:lm the strip. An elliptical zone 
of inhibition is produced and the minimum inhibitory concentra
tion is determined where the growth intersects the strip. (Sold by 
bioMerieux USA. Dumam, NC.) (Provided by Dr: Robert Fader:) 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look: 

• Specimen Quality and Clinical Relevance 
• The Polymerase Chain Reaction 
• MALO I-TOF Mass Spectrometry 

• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

? 
• SeH-Assessment 

Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Assuming that a CCMS urine was processed in the 
CML, which of the following colony counts is (are) 
indicative of a UTI? 
a. 10,000 CFU/ml 
b. 50,000 CFU/ml 
c. 100,000 CFU/ml 
d. Both b and c 

2. Which of the following statements about blood is 
false? 
a. As it circulates throughout the human body, 

blood is usually sterile. 
b. Following cen1rifugation, the layer of leukocytes 

and platelets is referred to as the buffy coat. 

c. Bacteremia and septicemia are synonyms. 
d. Plasma constitutes about 55% of whole blood 

3. Which of the following statements about CSF 
specimens Is false? 
a. They are collected only by clinicians. 
b. They are 1reated as STAT (emergency) 

specimens In the laboratory. 
c. They should always be refrigerated. 
d. They should be rushed to the laboratory after 

collection. 

4. All clinical specimens submitted to the CML must 
be: 
a. properly and carefully collected 
b. properly labeled 
c. properly transported to the laboratory 
d. all of the above 

5. Which of the following is not one of the three parts 
of a urine culture? 
a. Isolation and identification of the pathogen 
b. Performing a colony count 
c. Performing a microscopic observation of the 

urine specimen 
d. Performing antimicrobial susceptibility testing 

6. Which of the following matches is false? 
a. CPE. Virology Section 
b. KOH preparation. Mycology Section 
c. Tease mount. Bacteriology Section 
d. Type of hemolysis. Bacteriology Section 

7. Who is primarily responsible for the quality of 
specimens submitted to the CML? 
a. Microbiologist who is in charge of the CML 
b. Pathologist who is in charge of "the lab" 
c. Person who collects the specimen 
d. Person who transports the specimen to the 

CML 

8. Which of the following is not one of the four major 
day-to-day responsibilities of the CML? 
a. Identify (speciate) pathogens 
b. Isolate pathogens from clinical specimens 
c. Perform antimicrobial susceptibility testing 

when appropriate 
d. Process environmental samples 

9. Which of the following sections is least likely to be 
found in the CML of a small hospital? 
a. Bacteriology Section 
b. Mycology Section 
c. Parasitology Section 
d. Virology Section 

10. In the Mycology Section of the CML, moulds are 
identified by ____ , 
a. biochemical test results 
b. macroscopic observations 
c. microscopic observations 
d. a combination of b and c 
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After studying this chapter, you should be able to: 

CHAPTER 
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emitting virulence factors, such as toxins 
and des1Tuctiva enzymes. 

Coagulase 
Kinases 
Hyaluronidase 
Collagenase 
Hemolysins 
Lecithinase 

Toxins 
Endotoxin 
Exotoxins 

Mechanisms by Vllhich 
Pathogens Escape Immune 
Responses 
Antigenic Variation 
Camouflage and Molecular 

Mimicry 
Destruction of Antibodies 

• Cite four reasons why an individual might not develop 
an infectious disease after exposure to a pathogen 

• Differentiate between localized and systemic 
infections 

• Discuss 1he four periods or phases in the course of 
an infectious disease 

• Explain how acute diseases differ from subacute and 
chronic diseases 
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• Differentiate between "symptoms~ of a disease and 
"signs" of a disease and cite several examples of 
each 

• Cite several examples of latent infections 
• Differentiate between primary and secondary 

infections 
• List six steps In the pathogenesis of an Infectious 

disease 
• Define virulence and virulence factors 

INTRODUCTION 

By definition, microbes are too small to be seen with the 
unaided eye. How is it possible for such tiny organisms and 
,------~, infectious particles to cause disease 

in plants and animals1 which are 
gigantic in comparison to microbes? 
This chapter attempts to answer 

Words containing 
the prefix "path-" or 
"pattlo-" pertain to 
disease. / that question, with emphasis on ... _______ disease in humans. 

The prefix path- comes from the Greek word "pathos," 
meaning disease. Examples of words containing this prefix 
are pathogen (a microbe capable of causing disease),pathalogy 
(the study of the structural and functional manifestations 
of disease), pt1tbologist (a physician who has specialized 
in pathology), ptlthogmicity (the ability to cause disease), 
and pllthogenesis (the steps or mechanisms involved in the 
development of a disease). 

INFECTION VERSUS INFECTIOUS DISEASE 

& discussed previously in this book, an infectious disease is 
a disease caused by a microbe, and the microbes that cause 
infectious diseases are collectively referred to as pathogens. 
The word inftction tends to be confusing because the term 

is used in different ways. Most 

[

In general usage, ] commonly, infection is used as a 
the terms infection synonym for infectious disease. For 
and infectious dis- example, saying that "the patient 
ease are synonyms. has an ear infection" is the same 

- thing as saying that "the patient 
has an infectious disease of the ear." Because this is how the 
word infection is used by physicians, nurses, other health 
care professionals, the mass media, and most other people, 
this is how infection is used in this book. 

Many microbiologists, however, reserve the use of the 
word infection to mean colonization by a pathogen (i.e., 
when a pathogen lands on or enters a person's body and 
establishes residence there, then the person is infected with 
that pathogen). That pathogen may or may not go on to 
cause disease in the person. In other words, it is possible 
fur a person to be infected with a certain pathogen, but not 
have the infectious disease caused by that pathogen (recall 
the discussion of carriers in Chapter 11 ). 

• List three bacterial structures that serve as virulence 
factors 

• List six bacterial exoenzymes that serve as virulence 
factors 

• Differentiate between endotoxins and exotoxins 
• List six bacterial exotoxins and the diseases they 

cause 
• Describe three mechanisms by which pathogens 

escape the immune response 

WHY INFECTION DOES NOT ALWAYS OCCUR 

Many people who are exposed to pathogens do not get sick. 
The following are some possible explanations: 

• The microbe may land at an anatnm.ic site where it is 
unable to multiply. For example, when a respiratory 
pathogen lands on the skin, it may be unable to grow there 
because the skin lacks the necessary wannth, moisture, and 
nutrients required for growth of that particular microbe . 
Additionally, the low pH and presence of fatty acids make 
the skin a hostile environment for certain organisms. 

• Many pathogens must attach to specific receptor sites 
(described later) before they are able to multiply and 
cause damage. If they land at a site where such receptors 
are absent, they are unable to cause disease. 

• Antibact:crial factors that destroy or inhibit the growth of 
bacteria (e.g., the lysozyme that is present in tears, saliva, and 
perspiration) may be present at the site where a pathogen lands. 

• The indigenous microbiota of that site (e.g., mouth, 
vagina, and intestine) may inhibit growth of the fOreign 
microbe by occupying space and using up available nu
trients. This is a type of mitrobial antagrmism, in which 
one microbe or group of microbes wards off another. 

• The indigenous microbiota at the site may produce 
antibacterial factors (proteins called bacteriocins) that 
destroy the newly arrived pathogen. This is also a type 
of microbial antagonism. 

• The individual's nutritional and overall health status often 
influences the outcome of the pathogen-host encounter. A 
person who is in good health, with no underlying medical 
problems, would be less likely to become infected than a 
person who is malnourished or in poor health. 

• The person may be immune to that particular pathogen, 
perhaps as a result of prior infection with that pathogen or 
having been vaccinated against that pathogen. Immunity 
and vaccination are discussed in 

Chapter 16· (-Many factors l 
• Phagocytic white blood cells influence whether 

(phagocytes) present in the or not exposure to 
blood and other tissues may a pathogen results 
engulf and destroy the pathogen in disease, including 
before it has an opportunity to a person's immune, 
multiply, invade, and cause dis- nutritional, and over-
ease. Phagocytosis is discussed all health status. ) 
in Chapter 15. '"-------



FOUR PERIODS OR PHASES IN THE COURSE 
OF AN INFECTIOUS DISEASE 

Once a pathogen has gained entrance to the body, the 
course of an infectious disease has four periods or phases 
(Fig.14-1): 

1. The incubation period is the time that elapses between 
arrival of the pathogen and the onset of symptoms. The 
length of the incubation period is influenced by many 
factors, including the overall health and nutritional status 
of the host, the immune status of the host (i.e., whether 
the host is immunocompetent or immunosuppressed), the 
virulence of the pathogen, and the number of pathogens 
that enter the body. 

2. The prodromal period is the time during which the 
patient fuels "out of sorts" but does not yet experience 
actual symptoms of the disease. Patients may feel like 
they are 11coming down with something" but are not yet 
sure what it is. 

3. The period of illness is the time during which the 
patient experiences the typical symptoms associated 
with that particular disease (e.g., sore throat, headache, 
and sinus congestion). Communicable diseases are most 
easily transmitted during this third period. 

4. The convalescent period is the time during which the 
patient recovers. For certain infectious diseases, especially 
viral respiratnry diseases, the convalescent period can be 

quite long. Although the patient 
The four periods or may recover from the illness itself, 
phases of an infec- permanent damage may be caused 
tious disease are by destruction of tissues in the 
lhe_(a) incubation affected area. For eDinple, brain 
pe~, (b) p~romal damage may follow encephalitis or 
period, (c) per1od of meningitis, paralysis may follow 
Illness, and (d) con- li yelitis d deafn 
valescent period. po om . ' ~ ess may 

_ J follow ear infections. 

I Period of Illness~ 
I 

I I I C C.W.Ieecence ~ [ Dlaabll~ L ~ _) 
Figure t 4-t • Periods In the coul'8e of an lnfectloua dluaee. 
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LOCALIZED VERSUS SYSTEMIC INFECTIONS 

Once an infectious process is initiated, the disease may 
remain localized to one site or it may spread. Pimples, 
boils, and abscesses are examples oflocalized infections. If 
the pathogens are not contained at ..-------------.... 
the origirull site of infection, they An infection may 
may be carried to other parts of remain localized 
the body by way of lymph, blood, or It may spread, 
or, in some cases, phagocytes. b~mlng a sys~ 
'\Vhen the infection has spread !em1c.or generalized 
throughout the body, it is referred .._ Infection. ..' 
to as either a systemic infection 
or a genmllized infection. For example, the bacterium that 
causes tuberculosis-Mycoblleterium tubemdosis-m.J.y spread 
to many internal organs, a condition known as miliary 
(disseminated) tuberculosis. 

ACUTE, SUBACUTE, AND CHRONIC DISEASES 

A disease may be described as being acute, subacute, or 
chronic. An acute disease has a rapid onset, usually followed 
by a relatively rapid recovery; measles, mumps, and in.ftuenza 
are examples. A chronic disease has an insidious (slow) onset 
and lasts a long time; examples ,- -
are tuberculosis, leprosy (Hansen A disease may be ··1 
disease), and syphilis. Sometimes, acute, subacute, or 
a disease having a sudden onset chronic, depending 
can develop intn a long-lasting on the length of Its 

diseas di h Incubation period 
e. Some seases, sue as d d t" 1 

ba 'al d di . an ura 10n. cten en ocar tl.S, come on '·- .) 
more suddenly than a chronic 
disease, but less suddenly thm an acute disease; they are 
referred to as subacute diseases. An example of a subacute 
disease is subacute bacterial endocarditis, often referred to 
merely as SBE. 

SYMPTOMS OF A DISEASE VERSUS SIGNS 
OF A DISEASE 

A symptom of a disease is defined as some evidence of a 
disease that is experienced or perceived by the patient
something that is subjective. Examples of symptoms include 
any type of ache or pain, a ringing 
~_the ears (~~s), ~hu·~ed (-Symptoms of a 
VlSlon, ~ausea,. dizzm~s, ttchi_ng, disease are subjec
and chills. Dtseases, mcluding tive in that they are 
infectious diseases, may be either p~eived by the 
symptomatic or asymptnmatic.A patient. , 
symptoii12tic disease (or clinical '-·-------" 
disease) is a disease in which the 
patient is experiencing symptoms. An asymptomatic disease 
(or subclinical disease) is a disease that the patient is unaware 
of because he or she is not experiencing any symptoms. 
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In it5 early stages, gonorrhea (caused by the bacterium, 
Neisseria go'M'Thotae) is usually symptomatic in male patients 
(who develop a urethral discharge and experience pain 
while urinating), but asymptomatic in female patients. Only 
after several months, during which the organism may have 
caused extensive damage to her reproductive organs, pain 
is experienced by the infected woman. In trichomoniasis 
(caused by the protozoan, Trit:hfYIIW'NIS vaginlllis), the situ
ation is reversed. Infected women are usually symptomatic 
(experiencing vaginitis), whereas infected men are usually 
asymptomatic. These two sexually transmitted diseases 
are especially difficult to control because people are often 
unaware that they are infected and unknowingly transmit 
the pathogens to others during sexual activities. 

A sign of a disease is defined as some type of objec
tive evidence of a disease. For example, while palpating a 
patient, a physician might discover a lump or an enlarged 

-, liver (hepatomegaly) or spleen 
Signs of a dis-
ease are objective 
findings, such as 
laboratory test 
t'Bsults, which at'B 
not perceived by the 

(splenomegaly). Other signs of 
disease include abnormal heart 
or breath sounds, blood pressure, 
pulse rate, and laboratory results as 
well as abnormalities that appear 
on radiographs, ultrasound studies, patient. 

....J or computed tomography scans. 

LATENT INFECTIONS 

An infectious disease may go from being symptomatic 
to asymptomatic and then, sometime later, go back to 
being symptomatic. Such diseases are referred to as latent 
infections, from the Greek word "latens," meaning to lie 
hidden. Herpes virus infections, such as cold sores (fever 
blisters), genital herpes infections, and shingles, are ex-

1 

amples of latent infections. Cold 
A latent disease is a sores occur intermittently, but the 
disease that is lying patient continues to harbor the 
donnant, ~ot c~r- herpes virus between cold sore 
~ntly manifesting episodes (Fig. 14-2). The virus 
itself. . d "thin 11s ofth =~-- J remams orm.ant wt ce e 

Figure 14-2. Cold sore caused by herpes simplex nus. 
(Provided by Dr. Hermann and the CDC.) 

nervous system until some type of stress acts as a trigger. 
The stressful trigger may be a fever, sunburn, extreme cold, 
or emotional stress. A person who had chickenpox as a child 
may harbor the virus throughout his or her lifetime and 
then, later in life, as the immune system weakens, that person 
may develop shingles. Shingles, a painful infection of the 
nerves, is considered a latent manifestation of chickenpox. 

H not successfully treated, syphilis progresses through 
primary, secondary, latent, and tertiary stages (Fig. 14-3). 
During the primary stage, the patient has an open lesion 
called a chancre, which contains the spirochete Treptmmlll 
paJiiJum (Fig. 14-4). Four to six weeks after the spirochete 
enters the bloodstream, the chancre 
disappears, and the symptoms of r If not successfully -.., 
the secondary stage arise, including treated, syphilis can 
rash, fever, and mucous membrane progress through 
lesions. These symptoms disappear several stages, 
widlln weeks to 12 months, and the including a latent 
disease enters a latent stage which stage. , \. ) 
may last for weeks to years (sometimes -------· 
for a lifetime). During the latent stage, the patient has few 
or no symptoms. In tertiary syphilis, the spirochetes cause 
destruction of the organs in which they have been hiding-the 
brain, heart, and bone tissue--sometimes leading to death. 

PRIMARY VERSUS SECONDARY INFECTIONS 

One infectious disease may commonly follow another, 
in which case the first disease is referred to as a prim2ry 

~TAGES OF SYPHILIS 1 
Primary Syphilis 

Hamened, painless ctlancre 
d1Miop8 about 3 weeks 

after exposure 

Secondary Syphilis 
Chancre curls inward and a 

rash develops about 4 to 6 weeks 
after exposure; rash raaolvae within 

weeks to 12 months ,_ 

La...,t Syphilis 
No symptoms; may last for weeks 

to years; sometimes continues 
throughout llfa 

Tertiary Syphilis 
CNS, cardiOYB8CUiar, and other 
sympiDms (aomedmes death) 

occur 5 to 20 years after exposure 

Figure 14..:1. Stages of syphilis. CNS, cerrtral nervous system. 



Figure 14-4. Syphilis chancre on penile shaft. (Provided by 
Dr. Gavin Hart, Dr. NJ Fiumara, and the CDC.) 

iDfection and the second disease is referred to as a secondary 
infuction. For example, serious cases of bacterial pneumonia 
frequently follow relatively mild viral respiratory infections. 
During the primary infection, the virus causes damage to 
the ciliated epithelial cells that line the respiratory tract. 

A primary infection 
caused by one 
pathogen can be 
followed by a sec
ondary Infection 
caused by a differ
ent pathogen. 

The function of these cells is to 
move foreign materials up and out 
of the respiratory tract and into the 
throat where they can be swallowed. 
While coughing, the patient may 
inhale some saliva, containing an 
opportunistic bacterial pathogen, 

..! such as Streptococcus Jmt:UmlmUie or 
lflllmophilus in.fluenzae. Because the 

ciliated epithelial cells were damaged by the virus, they are 
unable to clear the bacteria from the lungs. The bacteria 
then multiply and cause pneumonia. In this example, the 
viral infection is the primary infection, and bacterial pneu
monia is the secondary infection. 

STEPS IN THE PATHOGENESIS OF 
INFECTIOUS DISEASES 

In general, the pathogenesis of infectious diseases often 
follows the following sequence (Fig.14-5): 

1. Entry of the pathogen into the body. Portals of entry 
include penetration of skin or mucous membranes by 
the pathogen, inoculation of the pathogen into bodily 
tissues by an arthropod, inhalation (into the respiratory 
tract), ingestion (into the gastrointestinal t:ra.ct), intro
duction of the pathogen into the genitourinary tract, or 
introduction of the pathogen directly into the blood (e.g., 
through blood transfusion or the use of shared needles 
by intravenous drug abusers). 

2. Attachment of the pathogen to some tissue(s) within 
the body. 

3. Multiplication of the pathogen. The pathogen may 
multiply in one location of the body, resulting in a 
localized infection (e.g., abscess), or it may multiply 
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[ Entry of the pathogen 
Into the body 

==r 
Attachment of the pathogen 

to some tissue(s)wilhln the body 

Multiplication of the paltlogen 

) 

Invasion or spread I 
of the pathogen ~ 

I [ E..Soo;-- J 

[ Damage to hoattlssue(a) J 
Figura 14-&. Staps In the palhogeneala of lnfactlaus 
dleeaaee Not all infectious diseases involve aft of the steps 
shown. Fer example, once ingested, some exotoxin-producing 
intestinal plllhcgens are capable of causing disease without 
adhering to the intestinal wall or invading tissue. 

throughout the body (a systemic r-. fee . -.., 
· fecti ) An 1n t1on may 
m ~n · follow the sequence 

4. InvasiOn or spread of the of 8~ attachment 

pathogen. multlpll~tlon,lnva-' 
5. Ew.sion of host defenses. sion, evasion of host 
6. Damage to host tissue(s). The defenses, and dam

damage may be so extensive as age to host tissues. , 
to cause the death of the patient \_ -' 

It is important to understand that not all infectious 
diseases involve all these steps. For example, once ingested, 
some exotoxin-producing intestinal pathogens are capable 
of causing disease without adhering to the intestinal wall 
or invading tissue. 

VIRULENCE 

The terms virulent and virulence tend to be confusing be
cause they are used in several different ways. Sometimes 
virulent is used as a synonym for pathogenic. For example, 
there may be virulent (pathogenic) strains and ITUirulmt 
(nonpathogenic) strains of a particular species. The virulent 
strains are capable of causing disease, whereas the avirulent 
strains are not. For example, toxigenic strains of the bacte
rium, Corynebacterium tliphtherille (i.e., strains that produce 
diphtheria toxin) are virulent, whereas nontoxigenic strains 
are not. Encapsulated strains of the bacterium, S. pneu
rrumiae, can cause disease, but nonencapsulated strains of 
S. pnerm~~miae cannot. As will be discussed in a subsequent 
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Virulent strains of a 1 section, fimbriated strains of ~ertain 
microbe are capable pathogens are able~ cause ~ease, 
of causing disease, whereas nonfimbn~ted s~ are 
whereas avirulent not; thus, the fimbnated stralllS are 
strains are not. virulent, but the nonfimbriated 

.... ________ . ..J strains are avirulent. 

Sometimes virulence is used to express a measure or 
degree of pathogenicity. Although all pathogens cause 
disease, some are more virulent than others (i.e., they 
are better able to cause disease). In bacterial diarrhea, 
for example, it only takes about 10 Shigella cells to cause 
shigellosis, but it takes between 1 00 and 1 ,000 Salmonella 
cells to cause salmonellosis. Thus, Sbigel1a is considered 
to be more virulent than Sa/111()nella. In some cases, 
certain strains of a particular species are more virulent 
..-- than others. For example, the 

l
Some strains of a ~J "flesh-eating" strains of the hac-
given pathogen can terium, Streptococcus pyogenes, are 
be more virulent more virulent than other strains of 
than other strains. S. pyogenes because they produce 

certain necrotizing enzymes that 
are not produced by the other strains. Similarly, only 
certain strains of S. pyogenes produce erythrogenic toxin 
(the cause of scarlet fever); these strains are considered 
more virulent than the strains of S. pyogenes that do not 
produce erythrogenic toxin. Strains of the bacterium 
Staphylococcus 11ureus that produce toxic shock syndrome 
toxin 1 (TSST-1) are considered more virulent than those 
that do not produce this toxin. 

Sometimes virulence is used in reference to the severity 
of the infectious diseases that are caused by the pathogens. 
Used in this manner, one pathogen is more virulent than 
another if it causes a more serious disease. 

O Coegulaae 

0 Hamalplns 

VIRULENCE FACTORS 

The physical attributes or properties of pathogens that 
enable them to escape various host defense mechanisms 
and cause disease are called virulence factors. Virulence 
factors are phenotypic charac-
teristics that, like all phenotypic ,~ Vi 1 fact 
ch . . di d by 1ru ence ors 

aracte~st:J.~s, are ctate . are phenotypic 
the orgarusm s genotype. T<mns characteristics that 
are obvious virulence factors, but enable microbes to 
other virulence factors are not so be virulent (to cause 
obvious. Some virulence factors disease). 

' ) are shown in Figure 14-6. -------

Attachment 

Perhaps, you have noticed that certain pathogens infect 
dogs but not humans, whereas others infect humans but 
not dogs. Perhaps, you have wondered why certain patho
gens cause respiratory infections, whereas others cause 
gastrointestinal infections. Part of the explanation has to 
do with the type or types of cells to which the pathogen is 
able to attach. To cause disease, some pathogens must be 
able to anchor themselves to cells after they have gained 
access to the body. 

Receptors and AdhesiM 
The general terms recepwr and integrin are used to describe 
the molecule on the surface of a host cell that a particular 
pathogen is able to recognize and attach to (Fig. 14-7). Often, 
these receptors are glycoprotein molecules. A particular 
pathogen can only attach to cells bearing the appropriate 
receptor. Thus, certain viruses cause respiratory infections 

... 
e eo11agenue 

• Neurololdns, entaratoxlns, 
and cytotoxin• 

e Hyaluronld ... 

Figure 14-8. Bacl8rtal virulence factors (eee text tor details). 



because they are able to recognize and attach to certain 
receptors that are present on cells that line the respiratory 

r 
tract. Because those particular 

1 receptors are not present on cells 
lining the gastrointestinal tract, 
that virus is unable to cause gas
trointestinal infections. Similarly, 
certain viruses cause infections in 
dogs, but not in humans, because 

Molecules on the 
surface of a host cell 
that pathogens are 
able to recognize 
and attach to are 
called receptors or 
integrins. ; dog cells possess a receptor that 

~------- human cells lack. 
Human immunodeficiency virus (HIV; the virus that 

causes acquired immunodeficiency syndrome [AIDS]) is 
able to attach to cells bearing a surface receptor called 
CD4. Such cells are known as CD4 + cells. A category of 
lymphocytes called T-helper cells (the primary target cells 
for HIV) are examples of CD4 + cells. 

The general terms lldhesin and ligtmd are used to describe 
the molecule on the surface of a pathogen that is able to 
recognize and bind to a particular receptor (Fig. 14-7). 
For example, the adhesin on the envelope of mv that 
recognizes and binds to the CD4 receptor is a glycoprotein 
molecule designated gp 120. (Entry ofHIV into a host cell 
is a rather complex event, requiring several adhesins and 

Molecules on the 
surface of a patho
gen that recognize 
and attach to recep
tors on the surface 
of a host cell are 
called adhesins or 
ligands. 

several co-receptors.) S. pyogenes 
1 cells have an adhesin (called 

protein F) on their surfaces that 
enables this pathogen to adhere 
to a protein-fibronectin-thatis 
found on many host cell surfaces. 
Because adhesins enable pathogens 
to attach to host cells, they are 
considered virulence factors. In .... __________ ~ 
some cases, antibodies directed 

against such adhesins prevent the pathogen from attaching 
and, thus, prevent infection by that pathogen. (As will be 
discussed in Chapter 16, antibodies are proteins that our 
immune systems produce to protect us from pathogens 
and infectious diseases.) 

Baatarlal Fimbriae (Atlaahmant Pill) 
Bacterial fimbriae (sometimes called attachment pili) are 
thin, hairlike, fl.exible projections composed primarily of 
an array of proteins called pilin (refer back to Fig. 3-13). 

~Adhesin 
(Ligand) 

Host cell 

Figure t 4-7. Adheeln1 and receptora (lee text for detalla). 
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Fimbriae are considered to be virulence factors because 
they enable bacteria to attach to surfaces, including various 
tissues within the human body. 
Fimbriated strains of N. gonotThoeae r Bacterial fimbriae '• 
are able to anchor themselves to are virulence fac-
the inner walls of the urethra and tors, In that they 
cause urethritis. Should nonfim- enable ftmbrtated 
briated (nonpiliated) strains of bacteria to adhere 
N. gonorrboe~~e gain access to the to cells and tissues 
urethra, they are flushed out by within the human 
urination and are thus unable to . body. , 
cause urethritis. Therefore, with ""-------"' 
respect to urethritis, fimbriated strains of N. go'TKI1Thoeae 
are virulent, and nonfunbriated strains are avirulent. 

Similarly, fimbriated strains of Escberichill coli that gain 
access to the urinary bladder are able to anchor themselves 
to the inner walls of the bladder and cause cystitis; thus, 
with respect to cystitis, fimbriated strains of E. coli are vir
ulent. Should nonfimbriated strains of E. coli gain access 
to the urinary bladder, they are Hushed out by urination 
and are unable to cause cystitis; thus, nonfimbriated strains 
are avirulent. 

The fimbriae of group A, P-hemolytic streptococci 
(S. pyogenes) contain molecules of M-protein. M-protein 
serves as a virulence factor in two ways: (a) it enables the 
bacteria to adhere to pharyngeal cells and (b) it protects 
the cells from being phagocytized by white blood cells (i.e., 
theM-protein serves an antiphagocytic function). 

Other bacterial pathogens possessing fimbriae are Vtbrio 
chokrae, Salmonella spp., Shigella spp., ~ aerngi
nom, and Neisseria mmingitidis. Because bacterial fimbriae 
enable bacteria to colonize surfaces, they are sometimes 
referred to as colonization factors. 

Obligate Intracellular Pathogens 

Certain pathogens, such as Gram-negative bacteria in the 
genera Rkkettsill and Chlamydia, must live within host cells 
to survive and multiply; they are referred to as obligate 
intracellular pathogens (or obligate 
intracellular parasites). Rickettsias ,-Rickettsias and 
invade and live within endothelial chlamydias are 
cells and vascular smooth muscle obligate intracellular 
cells. Rickettsias are capable of pathogens. , 
synthesizing proteins, nucleic '- --' 
acids, and adenosine triphosphate 
(ATP), but are thought to require an intracellular environ
ment because they possess an unusual membrane transport 
system; they are said to have leaky membranes. 

The different species and serotypes of chlamydias invade 
different types of cells, including conjunctival epithelial 
cells and cells of the respiratory and genital tracts. Although 
chlamydias produce ATP molecules, they preferentially use 
ATP molecules produced by host cells; this has earned them 
the title of "energy parasites." In the laboratory, oblig-ate 
intracellular pathogens are propagated using cell cultures, 
laboratory animals, or embryonated chiclren eggs. 



268 Section VII • Pathogenesis and Hoet Defense M&etlanit1Tls 

Ehrlichia spp. and Anaplasma ph11~bilum are 
Gram-negative bacteria that closely resemble Rickettsia 
spp. They are intraleukocytic pathogens. Ebrlkbia spp. 

live within monocytes, causing a 
Ehrlichia and Ana- disease known as hUDWl monocytic 
plasma spp. are ehrlichiosis. A. ph11g0cytophilum 
intraleukocytic lives within granulocytes, causing 
pathogens, whereas a condition known as human ana-
Plasmodium and plasmosis (formerly called human 
Babesia spp. are granulocytic ehrlichiosis). Certain 
lntraerythrocytlc sporozoan protozoa, such as the 

.... _P_at_h_o_g_en_s_. -----" PltlmuJdiam spp. that cause human 
malaria and the Bllbesill spp. that 

cause human babesiosis, are inttaerythrocytic pathogens 
(i.e., they live within eryt:h.rocytes). 

Facultative Intracellular Pathogens 
Some pathogens, referred to as facultative intracellular 
pathogens (or facultative intracellular parasites), are capable 

of both an intracellular and extra-
Pathogens 1hat can cellular existence. Many &cultative 
live both within and intracellular pathogens tha.t can be 
outside host cells grown in the laboratory on artificial 
are called facul- culture media are also able to survive 
tative intracellular 'Within phagocytes. How facultative 

.... _P_at_h_o_g_en_s_. __ _., intracellular pathogens are able 
to survive within phagocytes is 

discussed in the next section. Phagocytosis is discussed in 
greater detail in Chapter 15. 

Intracellular Survival Macllanlsms 
As will be discussed in Chapter 15, phagocytes play an 
important role in our defenses against pathogens. The 
two most important categories of phagocytes in the hu
man body (referred to as «professional phagocytes") are 

macrophages and neutrophils. Once t The two most im
phagocytized, most pathogens are portant categories 
destroyed within the ph.agocytes by of phagocytes 
hydrolytic enzymes (e.g., lysozyme, In the human 
proteases, lipases, DNase, RNase, body-referred to 
and myeloperoxidase), hydrogen as "professional 
pero::ride, superoxide anions, and phagocytes" -are 
other mecllanisms. However, certain macrophages and 
pathogens are able to survive and .. _ neutrophils. 
multiply within phagocytes after 
being ingested (fable 14-1) . 

Some pathogens (such as the bacterium,M. ~) 
have a cell wall composition that resists digestion. Myco
bacterial cell walls contain waxes, and it is thought that 
these waxes protect the organisms from digestion. Other 
pathogens (such as the protozoan, 
Toxoplllsma gondit) prevent the r Many bacteria 
fusion oflysosomes (vesicles that Including M. rubM
contain digestive enzymes) with the culosls, are facul
phagocytic vacuole (phagosome). ta1ive Intracellular 
Other pathogens, such as the hac- pathogens. ) 
terium, Ridtettna ridtettsii, produce '·-------· 
phospholipases that destroy the phagosome membrane, thus 
preventing lysosome-phagosome fusion. Other pathogens 
(such as the bacteria, Brt~eella abortus, Frtmdsel/a tul4rensis, 
Legitmellll p1U'IIIIUJphilll, Listerill ~genes, StJJmonel/a 
spp., and Yminill pestis) are able to survive by means of 
me<:hanisms that are not yet understood. Table 14-1lists 
some pathogens that are able to survive within macrophages. 

capsules 
Bacterial capsules (refer back to Fig. 3-10) are considered 
to be virulence factors because they serve an anti phagocytic 
function (i.e., they protect encapsulated bacteria from being 
phagocytized by phagocytic white blood cells). Phagocytes 

Pathogens That Routinely Remain Virulent and Multiply within Macrophages 

Examples 

Brucella spp. 
ChlamycJophlla pneumonlae 
Coxiella burnetil 
Ehrlich/a chaffeeM/s 
Franc/sella tularensls 
Histoplasma capsulatum 
Leglonel/a pneumophlla 
Usterfa moncytogenes 
Mycobacterium tuberculosis 
Leishmania spp. 
Rickettsia rickettsii 
Salmonella enterica 
Toxoplasma gondii 
Trypanosoma CIUZi 
Cryptococcus neoformans 

Replication Site 

Vacuole 
Vacuole 
Vacuole 
Vacuole 
Cytoplasm 

vacuole 
Cytoplasm 
vacuole 

Cytoplasm 
Vacuole 
Vacuole 

Dieeaee(e) 

Bruoelloala 
Atypical pneumonia 
Qfever 
Human monocytic ehrtlchlosls 
Tularemia 
Histoplasmosis 
Leglonellosls 
Ustertosls 
Tuberculosis 
Leishmaniasis 
Spotted fever rickettsiosis 
Salmonellosis 
Toxoplasmosis 
Chagas disease {American trypanosomiasis) 1 

Cryptococcosis ) 



STUDY AID 
The Word Facultative 

Wherever the word facultative 
appears in this book, it im
plies a choice. For example, 
the tenn facultative anaer-
obe was introduced in Chapter 4. Such an organism 
can live either in the presence or in the absence of 
oxygen; it has a choice! In this chapter, the tenn 
facultative intracellular pathogen is introduced. Such 
an organism can live either extracellularty or intra
cellularty (within host cells}; it has a choice! The term 
facultstive parasite will be introduced in Chapter 21. 
Such an organism can have either a free living or a 
parasitic existence; it has a choice! 

are unable to attach to encapsulated bacteria because they 
lack surface receptors for the polysaccharide material of 
which the capsule is made. If they cannot adhere to the 

- .., bacteria, they cannot ingest them. 
Bactertal capsules Because encapsulated bacteria that 
serve an anti- gain access to the bloodstream 
phagocytic function or tissues are protected from 
Q.e., they protect phagocytosis, they are able to 
encapsulated bac- multiply, invade, and cause disease. 
teria from being Nonencapsulated bacteria, on 
phagocytized). .) the other hand, are phagocytized 

and killed. Encapsulated bacteria 
include S. pnetmumiae, Kkbsiella pntlUmlmiae, H. influmzae, 
and N. mmingitirlis. The capsule of the yeast, Cryptococcus 
DtOfomums, is also considered to be a virulence factor (refer 
back to Fig. 5-12). 

Flagella 

Flagella are consid
ered to be virulence 
factors because 
they enable flag
ellated bacteria to 
invade areas of the 
body that nonflagel
lated bacterta can
not reach. 

ExoenzymBS 

Bacterial j/llgelkl are considered 
virulence factors because they 
enable flagellated (motile) bacteria 
to invade aqueous areas of the body 
that nonflagellated (nonmotile) 
bacteria are unable to reach. Per
haps, flagella also enable bacteria 
to avoid phagocytosis-it is more 
difficult for phagocytes to catch a 
moving target. 

Although fimbriae, capsules, and :flagella are considered 
virulence factors, they really do not explain how bacteria 
and other pathogens actually cause disease. The major 
mechanisms by which pathogens cause disease are 
certain exoenzymes or toDns that they produce. Some 
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pathogens (e.g., certain strains of S. r The most important ~ 
pyogmu) produce both exoenzymes virulence factors are 
and toxins. certain exoenzymes 

Some pathogens release en- and toxins that 
zymes (called exoenzymes) that pathogens produce. 
enable them to evade host defense '- ) 
mechanisms, invade, or cause damage to body tissues. a These 
exoenzymes include necrotizing enzymes, coagulase, kinases, 
hyaluronidase, collagenase, hemolysins, and lecithinase. 

Neaat:izing EnZJ111es 
Many pathogens produce exoenzymes that destroy tissues; 
these are collectively referred to as necrotizing enzymes. No
torious ewnples are the flesh-eating 
st:rains of S. pyogmes, which produce ,--N t" . - - ,, 

d ther tha 
ecro IZing enzymes 

proteases an . 0 enzrmes t are exoenzymes that 
cause very raptd destrucbon of soft cause destruction of 
tissue, leading to a disease called cells and tissues. 
necrotizing fasciitis (Fig. 14-8). '- ) 
The various Clostridium species 
that cause gas gangrene (myonecrosis) produce a variety 
of necrotizing enzymes, including proteases and lipases. 

Coagulase 
An important identifying feature of S. aureus in the labo
ratory is its ability to produce a protein called coagulase. 
Coagulase binds to prothrombin, forming a complex called 
staphylothrombin. The protease r-~------... 
activity of thrombin is activated Coagulase is a vir-
in this complex, causing the con- ulence factor that 
version of fibrinogen to fibrin. In '- causes clotting. ) 
the body, coagulase may enableS. 
11ureus to clot plasma and thereby to form a sticky coat of 
fibrin around themselves for protection from phagocytes, 
antibodies, and other host defense mechanisms. 

Klnases 
Kinases (also known as fibrinolysins) have the opposite 
effect of coagulase. Sometimes the host will cause a fibrin 
clot to form around pathogens in an attempt to wall them 
off and prevent them from invading deeper into body 
tissues. Kinases are enzymes that ,- -,

1 
lyse (dissolve) clots; therefore, Kinases are exoen
pathogens that produce kinases zymes that dissolve 
are able to escape from clots. .._ clots. __ ) 
Streptokinase is the name of a -
kinase produced by streptococci, and staphylokinase is 
the name of a kinase produced by staphylococci. Strep
tokinase has been used to treat patients with coronary 
thrombosis. Because S. aurtJUS produces both coagulase 
and staphylokinase, it can not only cause the formation 
of clots but also dissolve them. 

"Enzymes that are produced within cells and remain within those 
cells to catalyze intracellular reactions are called endoenzymes. 
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G) Day 0: Rlgh1 lower leg was 
edematous wHh an erythamaiDus 
11189. below the knee. 

® Day 2: Initial debridement rawaled 
necrotic tissue with many layers of 
thrombosed blood vessels. 

(j} Day 6: Radical debrtdement was 
performed because the Infectious 
process was prog1811Sing toward the 
knee. SUbsequent skin grafts (not 
shown) took well and the wound 
healed wiltlout complications. 

Figure 14-8.. Progreea of the dlaeeee known ae necrotlz· 
lng fa1clltl1. Edematous means swollen, erythematous means 
reddened, debridement refers to removal of damaged tissue, 
and thrombosed means clotted. (From Harvey RA, et al. Up
plncott's llfustrat8d Reviews: Microbiology. 3rd ed. Philadel
phia, PA: Lippincott Williams & Wilkins; 2013.) 

Hyaluronidlll 
The "spreading factor," as hyaluronidase is sometimes 

~·-------.., called, enables pathogens to spread 
through connective tissue by 
breaking down hyaluronic acid, 
the polysaccharide "cement" 
that holds tissue cells together. 
Hyaluronidase is secreted by 
several pathogenic species of 
StaphykJcoccus, Streptococcus, and 
Clo.rtritliurn. 

Hyaluronidase and 
collagenase are vir
ulence factors that 
dissolve hyaluronic 
acid and collagen, 
respectively, enabling 
pathogens to invade 
deeper into tissues. 

Collagenase 
The enzyme collagenase, produced by certain pathogens, 
breaks down collagen (the supportive protein found in 
tendons, cartilage, and bones). This enables the pathogens 
to invade tissues. Clostridium perfringens, a major cause of 
gas gangrene, spreads deeply within the body by secreting 
both collagenase and hyaluronidase. 

H•olysins 
Hemolysins are enzymes that cause damage to the host's 
red blood cells (erythrocytes). The lysis (bursting or de
struction) of red blood cells not only harms the host but 
also provides the pathogens with a source of iron. In the 
laboratory, the effect an organism has on the red blood cells 
in blood agar enables differentiation between a-hemolytic 
and ~hemolytic bacteria. The h~- r Hemolysins are -, 
molysms produced by a-hemolytic enzymes that 
bacteria cause a partial breakdown damage red blood 
of hemoglobin in the red blood cells. 

' cells, resulting in a green zone '- ./ 
around the colonies of a-hemolytic bacteria. The hemolysins 
produced by 13-hemolytic bacteria cause complete lysis of 
the red blood cells, resulting in a clear zone around the 
colonies of J3-hemolytic bacteria (refer back to Fig. 13-1 5). 
Hemolysins are produced by many pathogenic bacteria, but 
the type of hemolysis produced by an organism is of most 
importance when attempting to speciate a Streptococcus in 
the laboratory. Some Stnptococcu.s spp. are a-hemolytic, some 
are P-hemolytic, and some are y-hemolytic (nonhemolytic). 

Lecitllinase 
C. petfringens, the major cause of gas gangrene, is able to 
rapidly destroy extensive areas of tissue, especially muscle 
tissue. One. of the enzymes ~~uced r 
by C. peifringem, called leathinase, Lecithinase is an -'t 
breaks down phospholipids that are exoenzyme that 

collectively referred to as lecithin. causes destruc
This enzyme is destructive to cell tlon of host cell 
membranes of red blood cells and ... membranes. ) 
other tissues. 

Toxins 
The ability of pathogens to damage The two major 
host tissues and cause disease may categories of toxins 
depend on the production andre- at'8 endotoxins and 
lease of various types of poisonous exotoxins. j 

substances, referred to as toxins. '-
The two major categories of toxins are endotoxins and 
e.xotoxins. Endotoxins, which are integral parts of the cell 
walls of Gram-negative bacteria, can cause a number of 
adverse physiologic effects. Exotoxins, on the other hand, 
are toxins that are produced within cells and then released 
from the cells. 

Endotoxin 
Septicemia (often referred to as sepsis) is a very serious disease 
consisting of chills, fi:vt:r, prostration (extreme exhaustion), 



and the presence of bacteria or their tmins in the bloodstream. 
Septicemia caused by Gram-negative bacteria, sometimes 

Endotoxin is a 
component of 
the cell walls of 
Gram-negative bac
ter1a. It can cause 
fever and shock. 

-, referred to as Gr1Uil-negative 
sepsis, is an especially serious type 
of septicemia. The cell walls of 
Gram-negative bacteria contain 
lipopolysaccharide, the lipid por
tion of which is called lipid-A or 

) endotoxin. Endotoxin can cause -------- serious, adverse, physiologic effects, 
such as fever and shock. Substances that cause fever are 
known as pyrogens. 

Shock is a life-threatening condition resulting from 
very low blood pressure and an inadequate blood supply to 
body tissues and organs, especially the kidneys and brain. 
The type of shock that results from Gram-negative sepsis is 
known as septic shock. Symptoms include reduced mental 
alertness, confusion, rapid breathing, chills, fever, and warm, 
flushed skin. As shock worsens, several organs begin to fail, 
including the .kidneys, lungs, and heart. Blood clots may 
form within blood vessels. More than 1,000,000 cases of 
sepsis occur annually in the United States with mortality 
rates from 28% to 50%. Sepsis is responsible for over 20 
billion dollars in health care costs each year. 

Exataxlns 
Exotaxins are poisonous proteins that are secreted by a 
variety of pathogens; they are often named for the target 
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organs that they affuct. Examples r Exot . 
incl d . . OXInS are 

u e_neuro~, ente.rotonns, poisonous proteins 
cytotoxms, exfoliatlve tmm, eryth- that are secreted 
rogeni.c toxin, and diphtheria toxin. by a variety of 

The most potent exotoxins are pathogens. 
neurotoxins, which affect the cen- '- ) 
tral nervous system (CNS). The neurotoxins produced by 
Clostridium tettmi and Clostridium botulinum-tetanospasmin 
and botulinum toxin-cause tetanus and botulism, respectively. 
Tetanospasmin affects control of 
nerve transmission, leading to a ,.---------,, 

Neurotoxins are 
spastic, rigid type of paralysis in exotoxins that ad-
which the patient's muscles are vef8ely affect the 
contracted (Fig. 14-9). Botulinum CNS. 
toxin also blocks nerve impulses '- ____ ) 
but by a different mechanism, 
leading to a generalized, flaccid type of paralysis in which 
the patient's muscles are relaxed. Both diseases are often 
fatal (see Point for "A Closer Look at Botulinum Toxin"). 

Other types of exotoxins, called enterotoxins, are 
toxins that affect the gastrointestinal tract, often causing 
diarrhea and sometimes vomiting. Examples of bacterial 
pathogens that produce entero- r "', 
toxins are Bacillw cuws, certain Enterotoxins are 
serotypes of E. coli, Clostridium exotoxlns that ad-J;a;,..,. C .. -c..w- Sfllmon IJa versely affect the 
... JJ ... -., : F' 1' .ngens, e gastrointestinal 
spp., Shtgella spp., V. cholerae, tract 
and some strains of S. aureus. In '- · 

Figure 14-8. Tetanus patient displaying the bodily posture known as opisthotonos. This condition of abnor
mal posturing involves rigidity and severe arching of the back, with the head thrown backward. If a patient display
ing opisthotonos was placed on their back, only the back of their head and their heels would touch the supporting 
surface. {Provided by the CDC.) 
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addition to releasing an enterotoxin (called toxin A), C. dif
foik produces a cytotoxin (called toxin B) that damages 
the lining of the colon, leading to a condition known as 
pseudomembranous colitis. 

Symptoms of toxic shock. syndrome are caused by 
exotoxins secreted by certain strains of S. aurt'US and, less 
commonly, S. pyogenes. Staphylococcal TSST-1 primarily 
affects the integrity of capillary walls. Exfoliative toxin 
(or epidermolytic toxin) of S. tmreus causes the epidetlll21. 
layers of skin to slough away, leading to a disease known 
as scalded skin syndrome. S. aumu also produces a variety 
of toxins that destroy cell membranes. 

Erythrogenic toxin, produced by some strains of S. pyogenu, 
causes scarlet fever. Leukocidins are toxins that destroy 
white blood cells (leukocytes). Thus, leukocidins (which 

Erythrogenic toxin, l are produced by some staphylo-
cocci, streptococci, and clostridia) 

produced by some cause destruction of the very cells 
strains of S. pya- that the body sends to the site of 
genes, causes scar- I 
let fever. , infection to ingest and destroy 

'- - pathogens. The Panton Valentine 
Leuk:ocidin toxin is produced by some strains of S. aumu 
called community-acquired methicillin-resistantS. tmreus. 
,----------. ..., Diphtheria toxin, produced I Dlphtherta toxin Is by toxigenic strains of C. diphtbe-

produced by some rille inhibits protein synthesis. It 
strai_ns of C. diph- kill~ mucosal epithelial cells and 

~
thenae, referred to 
as toxigenic strains. phagocytes and adversely affects 

J the heart and nervous system. 

Recap of Bacterial VIrulence Factors 

Virulence Factor Comments 

The toxin is actually coded for by a bacteriophage gene. 
Thus, only C. dipbthwe cells that are "infected" with that 
particular bacteriophage are able to produce diphtheria 
toxin. Other exotoxins that inhibit protein synthesis 
are P. aerugi'IUJSa exotoxin A, Shiga toxin (produced by 
Shigella spp.), and Shiga-lik:e toxins produced by certain 
serotypes of E. coli. 

Table 14-2 provides a recap of bacterial virulence factors 
described so far. 

Mechanisms by Which Pathogens Escape 
Immune Responsas 
hnmunology, the study of the immune system, is discussed 
in detail in Chapter 16. A primary role of the immune 
system is to recognize and destroy pathogens that invade 
our bodies. However, there are many ways in which patho
gens avoid being destroyed by immune responses. Several 
mechanisms will be mentioned in this chapter; others are 
beyond the scope of this book. 

Antigenic variation 
As discussed in Chapter 16, antigens are foreign molecules 
that evoke an immune response--often stimulating the 
immune system to produce antibodies. Some pathogens 
are able to periodically change their surface antigens, a 
phenomenon known as antigenic variation. About the time 
that the host has produced antibodies in response to the 
pathogen's surface antigens, those antigens are shed, and 

Bacterial structures 
Flagella Enable bacteria to gain access to anatomic areas that nonmotile bacteria cannot reach; may enable 

bacteria to "BSCape• from phagocytes 
Capsules 
Fimbriae 
Enzymee 

Coagulase 
Kinases 
Hyaluronidase 
Lecithinase 
Necrotizing enzymes 
Toxins 
Endotoxin 
Exotoxins 
Neurotoxins 
Enterotoxins 
C. d;t/icile toxin B 
S. euteUS TSST-1 
Exfoliative toxin 
Erythrogenic toxin 
Diphtheria toxin 
Leukacidins 

Serve an antlphagocytlc function 
Enable bacteria to attach to surfaces 

Enables bacteria to produce clots within which to "hide" 
Enable bacteria to dissolve clots 
Dissolves hyaluronic acid, enabling bacter1a to penetrate deeper Into tissues 
Destroys cell membranes 
Cause massive destruction of tissues 

Released from the cell walls of Gram-negative bacteria; causes fever and septic shack 
Produced within the cell, but then releasecl from the cell 
Cause damage to the CNS; tetanospasmin and botulinum toxin 8r8 examples 
Cause gastrointestinal disease 
The cytotoxin that causes pseudomembranous colitis 
The toxin that causes most cases of toxic shack syndrome 
Produced by some strains of S. aut&US; causes scaldec:J skin syndrome 
Produced by some strains of S. pyogenes; causes scarlet fever 
Produced by toxigenic strains of C. diphtheriae; causes diphtheria 
Cause the destruction of leukocytes 

CNS, central nervous system; TSST-1, toxic shock syndrome toxin 1. 



Some pathogens 
periodically change 
their surface anti
gens, a phenom
enon known as 
antigenic variation. 

new ones appear in their place. This 
renders the antibodies worthless 
because they have nothing to adhere 
to. Examples of pathogens capable 
of antigenic variation are influenza 
viruses, mv; Borrelia ref:U'IT'mtis 

---------" (the causative agent of relapsing 
fever), N. grmorrhoetH, and the parasitic ttypanosomes that 
cause African ttypanosomiasis. T.rypanosomes can keep up 
their antigenic variation for 20 years, never presenting the 
same surface antigens twice. 

camouflage and Molecular Mimicry 
Adult schistosome worms (trematodes that cause schistoso
miasis) are able to conceal their foreign nature by coating 
themselves with host proteins-a sort of camouflage. In 
molecular mimicry, the pathogeni surface antigens closely 

In molecular mim
icry, pathogens 
cover 1heir surface 
antigens with host 
proteins, so 1he 
pathogens will not 
be recognized as 
being foreign. 

resemble host antigens and are, 
' therefore, not reoognized as being 

foreign. Although there is little 
evidence to prove that molecular 
mimicry leads to a subdued immune 
response against the pathogens, it 
is known that the hyaluronic acid 
capsule of streptococci is almost 

..) identical to the hyaluronic acid 
c~ponentofhumanconnective 

tissue. It is also interesting that in mycoplasmal pneumonia, 
antibodies produced by the host against antigens of My
coplasma J.11U'U'fiiO'niiH can cause damage to the host's heart, 
lung, brain, and red blood cells. 

Destruction al Anllbodlas 
Several bacterial pathogens, including H. influmz~~e, N. 
grmqrrhoetH, and streptococci, produce an enzyme (immu
noglobulinA [IgA] protease) that destroys IgA antibodies. 
Thus, these pathogens are capable of destroying some of 
the antibodies that the hosti immune system has produced 
in an attempt to destroy them. 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look at Botulinum Toxin 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 
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Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Which of the following virulence factors enable(s) 
bacteria to attach to tissues? 
a. capsules 
b. endotoxin 
c. flagella 
d. fimbriae 

2. Neurotoxins are produced by: 
a. C. botulinum and C. tetani 
b. C. difflcile and C. perfringens 
c. P. aeroginosa and M. tuberculosis 
d. S. aui8Us and S. pyogenes 

3. Which of the following pathogens produce 
enterotoxins? 
a. 8. cereus and certain serotypes of E. coli 
b. C. difflcile and C. perfringens 
c. Salmonella spp. and Shigella spp. 
d. all of the above 

4. A bloodstream Infection with could 
result In the release of endotoxin Into the 
bloodstream. 
a. C. dlfflclle or C. pelfrlngens 
b. N. gonomKJe8e or E. coli 
c. S. aui8Us or M. tuberculosis 
d. S. aui8Us or S. pyogenes 

5. Communicable diseases are most easily 
1ransmitted during the: 
a. incubation period 
b. period of convalescence 
c. period of illness 
d. prodromal period 

e. Enterotoxins affect cells in the: 
a. CNS 
b. gastrointestinal tract 
c. genitourinary tract 
d. respiratory tract 

7. Which of the following bacteria is least likely to be 
1he causa of septic shock? 
a. E. coli 
b. H. influenza& 

c. M. pneumonia& 
d. N. meningitidis 
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8. Which of the following produces both a cytotoxin 
and an enterotoxin? 
a C. botulinum 
b. c. dlfflclle 
c. c. tetani 
d. c. dlphtherlae 

9. Which of the folowtng vi'ulance factors enable(s) 
bacteria to avoid phagocytosis by white blood eels? 
a. capsule 
b. cell membrane 

c. cell wall 
d. fimbriae 

1 o. Which of the folowing can cause toxic shock 
syndrome? 
a C. difflclle and C. perfringens 
b. M. pneumoniae and M. tubetculosis 
c. N. gononhoette and E. coli 
d. S. aureus and S. pyogenes 
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Artist rendering of a phagocytic white 
blood cell phagocytizing an object. 

Disorders and Conditions 

NOftlllacifiC Host Defl ... 
Macllanllml 

The Complement System 
Acute-Phase Proteins 
Cytokines 
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Phagocytic and Inflammatory 
Processes 
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Skin and Mucous Membranes 

as Physical Barriers 
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Microbial Antagonism 

Inflammation 
Phagocytosis 

Chemotaxis 
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Ingestion 
Digestion 

Leukopenia 
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Affecting L6ukocyts Motilff:y 
and Chemotaxis 
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Transferrin 
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Mechanisms by Which 
Pathogens Escape 
Destruction by Phagocytes 

Affectfng Intracellular Killing 
by Phagocytes 

Additional Factors 

LEARNING OBJECTIVES 

After atudJing this chapter, you should be able to: 

• Define the terms host defense mechanisms, antibody, 
antigen, lysozyme, microbial antagonism, colicin, 
bacteriocins, superinfection, pyrogen, interferon, 
complement cascade, complement, opsonization, 
inflammation, vasodilation, phagocytosis, and 
chemotaxis 

• Briefly describe the three lines of defense used by 
the body to combat pathogens and give one example 
of each 

• Explain what is meant by "nonspecific host defense 
mechanisms" and how they differ from •specific host 
defense mechanisms" 

• Identify three ways by which the digestive system is 
protected from pathogens 

• Describe how interferons function as host defense 
mechanisms 

• Name three cellular and chemical responses to 
microbial invasion 
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• Describe the ma;or benefits of complement activation 
• List the four main signs and symptoms associated 

with inflammation 
• Discuss the four primary purposes of the 

inflammatory response 
• Describe the four steps in phagocytosis 

INTRODUCTION 

In Chapter 14, you discovered the ways in which pathogens 
cause infectious diseases. In this chapter and the next, you 
will learn how our bodies combat pathogens in an attempt 
to prevent the infectious diseases that they cause. 

Humans and animals have survived on Earth for hun
dreds of thousands of years because they have many built-in 
or naturally occurring mechanisms of defense against 
pathogens and the infectious diseases that they cause. The 
ability of any animal to resist these invaders and recover 
from disease is attributable to many complex: interacting 
functions within the body. 

Host ekfonse meclumi.rms-ways in which the body pro
tects itself from pathogens-can be thought of as an army 
consisting of three lines of defense (Fig. 15-1). If the enemy 
(the pathogen) breaks through the first line of defense, it 
will encounter and, hopefully, be stopped by the second 
line of defense. If the enemy manages to break through 
and escape the first two lines of defense, there is a third 
line of defense ready to attack it. 

The first two lines of defense are nonspecific; these 
are ways in which the body attempts to destroy all types 
of substances that are fureig:n to it, including pathogens. 
The third line of defense, the immune response, is very 
specific. In the third line of defense (or specific host defense 
met:hani.rms), special proteins called antibodies are usually 

produced in the body in response to 

The first two lines of ' the presence of foreign substances. 
defense are nonspe- These foreign substances are called 
effie, in that they are antigens because they stimulate the 
directed against any production of specific antibodies; 
foreign substances they are "antibody-generating" 
that enter our bod- substances. The antibodies that 
ies. The third line are produced are very specific, 
of defense, on the in that they usually can only rec-
other hand, Is very ognize and attach to the antigen 

.... _s_pec __ lfl_c. ____ J that stimulated their production. 
Immune responses are discussed 

in greater detail in Chapter 16. The various categories of 
host defense mechanisms are summarized in Figure 15-2.• 

*Some immunologists consider both the second and third lines of 
defense as parts of the immune system. They refer to the second 
line of defense as imum immfme respcm.res (those not requiring 
immunologic memory) and the third line of defense as J1Cij1lireJ 
imm1me nspqnses. 

• Identify the three major categories of leukocytes and 
the three categories of granulocytes 

• State four ways in which pathogens escape 
destruction by phagoeytes 

• Categorize the disorders and conditions that affect the 
body's nonspecific host mechanisms 

Thl~ line of defer! lie 
The lmm~e system 

t 
Second line of defeNie 

Inflammation, 

~1 .. ~ 
First line of defenH 

Intact skin, Intact 
mucous meml:ranas, etc. 

Pathogen 

Figure 1&-1. Lines of defense. Host defense mechanisms
ways in which the body protects itself from pathogens-can be 
thought of as an entrenched anny consisting of three lines of 
defense (see text tor details) • 

NONSPECIFIC HOST DEFENSE MECHANISMS 

Nonspecific host defense mechanisms are general and 
serve to protect the body against many harmful substances. 
One of the nonspecific host defenses is the innate, or inborn, 
resistance observed among some species of animals and some 
persons who have a natural resistance to certain diseases. 
Innate or inherited characteristics make these people and 
animals more resistant to some diseases dun to others. 



Host Defense Mechanisms 

l Specific ho8t J 
defense mechanisms 

First line l l' Second lineJ 
l of defense J of defense 

Figure 1&·2. Categories of host defense mechaniams. 

The exact factors that produce this innate resistance are 
not well understood, but are probably related to chemical, 
physiologic, and temperature differences between the spe
cies as well as the general state of physical and emotional 
health of the person and environmenta.l factors that affect 
certa.in races, but not others. 

Although we are usually unaware of it, our bodies are 
constantly in the process of defending us against microbial 
invaders. We encounter pathogens and potential patho
gens many times per day, every day of our lives. Usually, 
our bodies successfully ward off or destroy the invading 
microbes. Nonspecific host defense mechanisms discussed 
in this chapter include mechanical and physical barriers to 
invasion, chemical factors, microbial antagonism by our 
indigenous microbiota, fever, the inflammatory response 
(inflammation), and phagocytic white blood cells (phagocytes). 

FIRST LINE OF DEFENSE 

Skin and Mucous Membranes as 
Physical Barriers 
The intact, unbroken skin that covers our bodies represents 
a nonspecific host defense mechanism, in that it serves as 
a physical or mechanical barrier to pathogens. Very few 
pathogens are able to penetrate intact skin. Although 
certain helminth infections (e.g., hookworm infection and 
schistosomiasis) are acquired by penetration of the skin by 
parasites, it is unlikely that many, if any, bacteria are capable 
of penetrating inta.ct skin. In most cases, it is only when the 
skin is cut, abraded (scratched), or burned that pathogens 
gain entrance or when they are injected through the skin 
(e.g., by arthropods or the sharing of needles by intravenous 

, drug abusers). Even the tiniest of 
Intact skin and mu- cuts (e.g., a paper cut) can serve 
co us membranes as a porta.l of entry for pathogens. 
act as nonspecific Although they are composed 
host defense mech- of only a single layer of cells, 
anisms by serving mucous membranes also serve as 
as physical or me- a physical or mechanical barrier 
chanica! barriers to 
pathogens. to pathogens. Most pathogens 

... __________ .J can only pass through when these 
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membranes are cut or scnttched.As is true for skin, even the 
tiniest of cuts can serve as porta.Is of entry for pathogens. 
The sticky mucus that is produced by goblet cells within 
the mucous membranes serves to entrap invaders; thus, it 
is considered part of the first line of defense. 

Cellular and Chemical Factors 
Not only does skin provide a physical barrier, but there 
are several additional factors that account for the skin1 
ability to resist pathogens. The dryness of most areas of skin 
inhibits colonization by many pathogens. Also, the acidity 
(pH - S .0) and temperamre ( <3 7°C) of the skin inhibit the 
growth of pathogens. The oily sebum that is produced by 
sebaceous glands in the skin contains fatty acids, which are 
toxic to some pathogens. Perspi
ration serves as a nonspecific host 
defense mechanism by flushing 
organisms from pores and the 
surface of the skin. Perspiration 
also conblins the enzyme, ly1(Jzyme, 
which degrades peptidoglycan 
in bacterial cell walls (especi.ally 
Gram-positive bacteria). Even 

The dryness, acidity, 
and temperature of 
the skin inhibit colo
nization and growth 
of pathogens; per
spiration flushes 
them away. 

'-

the sloughing off of dead skin cells removes potential 
pathogens from the skin. 

In addition to being sticky, the mucus produced at 
mucous membranes contains a variety of substances (e.g., 
lysozym.e,lactoferrin, and lactoperoxidase) that can kill 
bacteria or inhibit their growth. As 
previously mentioned, lysozyme Sticky mucus 
destroys bacterial cell walls by 
degrading peptidoglycan.~ 
forrin is a protein that binds iron, 
a mineral that is required by all 
pathogens. Because they are un
able to compete with lactoferrin 
for free iron, the pathogens are 
deprived of this essential nutrient. 
Llll:tllperoxidase is an eozyme that 
produces supero.xide radicals, 

'-

serves as a nonspe
cific host defense 
mechanism by 
trapping pathogens. 
It also contains 
toxic substanCGS, 
such as lysozyme, 
lactoferrin, and 
lactoperoxidase. 

j 

highly reactive forms of oxygen, which are toxic to bacteria. 
Because mucosal cells are among the most rapidly di

viding cells in the body, they are constantly being produced 
and released from mucous membranes. Bacteria that are 
adhering to the cells are often expelled along with the cells 
to which they are attached. 

The respiratory system would be particularly accessible 
to invaders that could ride in on dust or other particles 
inhaled with each breath were it not for the hair, mucous 
membranes, and irregular chambers of the nose that serve to 
trap much of the inhaled debris.Also, the cilia (mucociliary 
covering) present on epithelial cells of the posterior nasal 
membranes, nasal sinuses, bronchi, and trachea sweep the 
trapped dust and microbes upward toward the throat, where 
they are swallowed or expelled by sneezing and coughing. 
Damage to these ciliated epithelial cells (e.g., damage caused 
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r 

I The mucociliary 
covering on epithe
lial cells in the respi
ratory tract moves 
trapped dust and 
microbes upward 
toward the throat, 
wtlere they are swal
lowed or expelled. 

\. J 

by smoking, other pollutants, 
and bacterial or viral respiratory 
infections) can increase a person's 
susceptibility to bacterW. respi
ratory infections. Phagocytes in 
the mucous membranes may also 
be involved in this muoociliary 
clearance mechanism. 

Lysozyme and other enzymes 
that lyse or destroy bacteria are 

present in nasal secretions, saliva, and tears. Even the 
swallowing of saliva can be thought of as a nonspecific 
host defense mechanism because thousands of bacteria 
are removed from the oral cavity every time we swallow. 
Humans swallow approximately lliter of saliva per day. 

To a certain extent, the following factors protect the 
gastrointestinal (GI) tract from bacterial colonization and 
are, therefore, considered to be nonspecific host defense 
mechanisms· . (- ... 
• Digestive enzymes 
• Acidity of the stomach (pH - l.S) 
• Alkalinity of the intestines 

Pathogens entering ' 
the Gl tract are often 
killed by digestive 
enzymes or the 

Bile, which is secreted from acidity or alkalinity 
the liver into the small intestine, of ~ifferent anatomic 

lowers the surface tension and '-·-reg_ to_n_s_. ------" 
causes chemical changes in bac-
terial cell walls and membranes that make bacteria easier to 

digest. As a result of the combination of stomach acid, bile 
salts, and the rapid flow of its contents, the small intestine 
is relatively free of bacteria. Many invading microbes are 
trapped in the sticky, mucous lining of the digestive tract, 
where they may be destroyed by bactericidal enzymes and 
phagocytes. Peristalsis and the expulsion of feces serve to 
remove bacteria from the intestine. Bacteria make up about 
30% to 50% of feces. 

. The urinary_ tract is usually sterile in healthy persons, 
wtth the exceptton of indigenous microbes that colonize 
the distal urethra (that part of the urethra furthest from 

I 
.., the urinary bladder) and perhaps 

Peristalsis and a limited bladder microbiome. 
urination serve to 
remove pathogens Microbes are continually flushed 
from the Gl tract from the urethra by frequent 
and urtnary b'act, urination and expulsion of mucus 
respectively. secretions. Many urinary bladder 

' - • • • • J infections result from infrequent 
unnatton, mclud1ng the failure to urinate after semal 
int~course. C?nditions that obstruct urine flow (e.g., 
berugn prosttttc hyperplasia) also increase the chances 
of developing cystitis. The low pH of vaginal fluid usu
ally inhibits colonization of the vagina by pathogens. 

I 
Th ldlty 

.., However, women who are tak-
e ac of vag- . . 1 . 

inal fluid usually mg cer~m ora contrac~ptlves 
inhibits colonization are p~cula~ly suscepnble to 
of the vagina by some mfe~o'?s because the 
pathogens. contracepttves mcrease the pH 
_______ ) of the vagina. 

Microbial Antagonism 
As mentioned in Chapter 10, when resident microbes of the 
indigenous micro biota prevent colonization by new arrivals 
~ a p~ar anatomic site, it is known as microllitl/ 111114g0-
1WM. This JS another eDDlple of a nonspecific host defeose 
m~. The inhibitory capability of the indigenous 
mtcrobtota has been attributEd to the following factors: 

• Competition for colonization ,-
sites When Indigenous 

mlcroblota prevents 
• Competition for nutrients the establishment of 
• Production of substances that arriving pathogens, 

kill other bacteria it is known as micro-

It is thought that the indige- '- bial antagonism. 

nous micro biota of the skin, oral 
cavity, upper respiratory tract, and colon plays a major role 
as a nonspecific host defense mechanism by preventing 
~athogens and ~ntial pathogens from colonizing these 
Sites. The effectiveness of microbial antagonism is frequently 
,.-- -... decreased after prolonged ad-
1 A decrease In the ministration of broad-spectrum 

number of indige- antibiotics. The antibiotics reduce 
nous microbiota at a or eliminatE certain members of 
particular anatomic the indigenous microbiota (e.g., 
site can lead to the vaginal and GI microbes), 
an overgrowth of leading to overgrowth by bacteria 
pathogens or oppor- or fungi that are resistant to the 
tunlstlc pathogens 

l 
present at the site· antibiotic(s) being administered. 
this Is referred to ~ This overgrowth or "population 
a superinfection. explosion" of organisms is called 

...J a superinfection. A superinfection 
. of Ctmdida tdbictms yeasts in the 

vagma ~y lC:Sd to the condition known as yeast vaginitis. 
A supennfectJ.on of Clostritiium dijfo:ik bacteria in the colon 
may lead to C. difficile-associated diseases, such as antibi
otic-associated diarrhea and pseudomembranous colitis. 

Some bacteria produce proteins that kill other bacte
ria; collectively, these antibacterial substances are known 
as blll:teriocins. An example is '• 
colicin, which is produced by Colicin and other 
certain strains of Escbericbitl (X)/i. bacteriocins are pro-
Similar antibacterial substances teins pbrodu~ by 

d d by 
. some actena that 

are pro ucc some strams of kill th b te . 
n._ . .J______ dB'--:"··- . o er ac na . 
. cn:JMMITfiUTUIS an II(."IHNoJ. SpeClCS '- .) 

as well as by certain other bacteria. Bacteriocins have a 
narrower range of activity than do ann'biotics, but they 
are more potent than antibiotics. 

SECOND LINE OF 
DEFENSE 

Pathogens able to penetrate the 
first line of defense are usually 
destroyed by nonspecific cellular 
and chemical responses, collectivdy 

,- -., 
Transferrin, fever, In
terferons, the com
plement system, 
inflammation, and 
phagocytosis are all 
part of the second 
line of defense. 

~---------------------) 



referred to as the second line of defense. A complex sequence 
of events develops involving production of fever, produc
tion of interferons, activation of the complement system, 
infiammation, chemotuis, and phagocytosis. Each of these 
responses is discussed in this chapter. 

Transferrin 
Transferrin, a glycoprotein synthesized in the liver, has a 
high affinity for iron. Its normal function is to store and 
,- -.. deliver iron to host cells. Like 

l 
lactoferrin (mentioned earlier), 
transferrin serves as a nonspecific 
host defense mechanism by seques
tering iron and depriving pathogens 

·-------.) of this essential nutrient. Studies 
have shown that transferrin levels in the blood increase 
dramatically in response to systemic bacterial infections. 

Fever 
Normal body temper:a.ture fluctuates between 3 6.2 °C and 
3 7 .5°C (97 .2°F and 99.5°F), with an average of about 3 7°C 
(98.6°F). A body temperature greater than 3 7 .8°C (1 00°F} 
is generally considered to be a fever. Substances that stim
ulate the production of fever are called pyrogens or pyrogenic 
suhsttm&es. Pyrogens may originate either outside or inside 
the body. Those from outside the body include pathogens 

..., and various pyrogenic subst:mces 
that they produce or release (e.g., 
endotoxin). Interleukin 1 (IL-l), a 
cytokine that is produced by certain 
white blood cells, is an example 
of an endogenous pyrogen (i.e., 

... _______ ..! one that originates within the 
body). The resulting increased body temperature (fever) 
is considered to be a nonspecific host defense mechanism. 

STUDY AID 
Beware of Similar 
Sounding Terms 

A pyogen is a pus-producing 
microbe {i.e., a pyogenic 
microbe). A pyrogen is a 
fever-producing substance Q.e., a pyrogenic substance). 

Fever augments the host's derenses in the following ways: 

• By stimulating white blood cells (leukocytes) to deploy 
and destroy invaders 

• By reducing available free plasma iron, which limits the 
growth of pathogens that require iron for replication 
and synthesis of toxins 

• By inducing the production of IL-l, which causes the 
proliferation, maturation, and activation oflymphocytes 
in the immunologic response 
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Elevated body temperatures 
also slow down the growth rate 
of certain pathogens and can even 
kill some especially fastidious 
pathogens. 

The following scenario illus

( 

A fever can slow 
down the growth 
rate of certain patho
gens and can even 
kill some especially 
fastidious ones . ... ______ _.. 

trates one way in which fever 
develops during an infectious disease: 

1. A patient has septicemia caused by Gram-negative bac
teria (referred to as Gmm-mgative sepsis). Recall from 
Chapter 13 that septicemia is a serious disease charac
terized by chills, fever, prostration, and the presence of 
bacteria or their toxins in the bloodstream. 

2. The bacteria release endotoxin into the patient's blood
stream. (Endotoxin is part of the cell wall structure of 
Gram-negative bacteria; it is the lipid component of 
lipopolysaccharide.) 

3. Phagocytes ingest (phagocytize) the endotoxin. 
4. The ingested endotoxin stimulates the phagocytes to 

produce IT.r 1, an endogenous pyrogen. IT.r 1 is produced 
primarily by macrophages. 

5. ll...-1 stimulates the hypothalamus (a part of the brain referred 
to as the body's thermostat) to produce prostaglandins. 

6. Once metabolized, the prostaglandins cause the hypo
thalamic thermostat to be set at a higher level. 

7. The increased thermostatic reading sends out signals to 
the nerves surrounding peripheral blood vessels. This 
causes the vessels to contract, thus conserving heat. 

8. The increased body heat, resulting from vasoconstriction, 
continues until the temperature of the blood supplying the 
hypothalamus matches the elevated thermostat reading. The 
thermostat can be reset to the normal body temperature 
when the concentration of endogenous pyrogen decreases . 

There are, of course, detrimental aspects of fever-espe
cially prolonged high fevers. These include increased heart 
rate, increased metabolic rate, increased caloric demand, 
and mild-to-severe dehydration. 

lm.farons 

lnterl'erons are small, antiviral proteins produced by 
virus-infected cells. They are called interferons because 
they "interfere" with viral replication. The three known 
types of interferon, referred to as ' , 
alpha (a), beta@), and gamma (iJ Interferons are 
interferons, are induced by different small, antiviral pro-

teins produced by 
stimuli, including viruses, tumors, virus-infected cells. 
bacteria, and other foreign cells. They interfere with 
The different types of interferons viral replication. 
are produced by diffi:rent types of '- ) 
cells. a-Interferon is produced by B lymphocytes (B cells), 
monocytes, and macrophages; (}-interferon, by fibroblasts 
and other virus-infected cells; andy-interferon, by activated 
T lymphocytes (f cells) and natural killer cells (NK cells).b 

bJJ cells, T cells, and NK cells are discussed in Chapter 16. 



280 Section VII • Pathogenesis and Host Defense Mecl'lani9'11s 

The interferons produced by a virus-infectEd cell are unable 
to save that cell from destruction, but once they are released 
from that cell, they attach to the membranes of surrounding 
cells and prevent viral replication from occurring in those cells. 
Thus, the spread of the infection is inhibited, allowing other 
body defenses to fight the disease more effectively. In this 
way, maoyviral diseases (e.g., colds, influenza, and measles) 
are limited in duration. Sll:nilarly, the acute phase of herpes 
simplex cold sores is of limited duration. The herpes virus 
then enters a latent phase and hides in nerve ganglion cells 
where it is protected until the person5 defenses are down; 
the cycle of disease and latency is repeated over and over. 

Interferons are not virus specific; that is, they are effec
tive against a variety of viruses and not just the particular 
type of virus that stimulated their production. Interferons 
are species specific, however; that is, they are effective only 
in the species of animal that produced them. Thus, rabbit 
interferons are only effective in rabbits and could not be 
used to treat viral infections in humans. Human interfer
ons are industrially produced by genetically engineered 
bacteria (bacteria into which human interferon genes have 
been inserted) and are used experimentally to treat certain 

viral infections (e.g., wart<;, herpes 

1 
simplex, and hepatitis B and C) and 
cancers (e.g., leukemias, lymphomas, 
and Kaposi sarcoma in patients 

J with acquired immunodeficiency 

Interferons are 
not virus specific, 
but they are host 
specific. 

"'-------· syndrome [AIDS]). In addition to 

interfering with viral multiplication, interferons activate 
certain lymphocytes (NK cells) to kill virus-infected cells. 

In addition to the beneficial aspects of the interferons 
that are produced in response to certain viral infections, 
they actually cause the nonspecific flu-like symptoms 
(malaise, myalgia, chills, and fever) that are associated with 
many viral infections. 

The Complement System 
Complement is not a single entity, but rather a group of 
approximately 30 different proteins (mcluding 9 proteins 
designared as Cl through C9) that are found in normal blood 
plasma. These proteins make up 
what is called "the complement 
system." --~So named because it is 
complementary to the action of the 
immune system. The proteins of 
the complement system, sometimes 
collectively referred to as complement 
components, interact with each 
other in a stepwise manner, known 
as the complement cascade. A 
discussion of the somewhat complex 
steps in the complement cascade 
is beyond the scope of this book. 
What is of primary importance is 
that activation of the complement 
system is considered a nonspecific 

( The proteins of the l 
complement system 
(collectively referred 
to as complement 
components) 
interact with each 
other in a stepwise 
manner, known as 
the complement 
cascade-a non
specific host 
defense mechanism 
that assists in the 
destruction of many J 
different pathogens. .._ ______ _ 

host defense mechanism; it assists in the destruction of many 
different pathogens. 

The major consequences of complement activation 
are as follows: 

• Initiation and amplification of inflammation 
• Attraction of phagocytes to sites where they are needed 

(chemotaxis; to be discussed later) 
• Activation of leukocytes 
• Lysis of bacteria and other foreign cells 
• Increased phagocytosis by phagocytic cells ( opsonization) 

See tr&'Pcin":: for "A Closer Loolc at the Complement 
System." 

Opsonization is a process by which phagocytosis is 
facilitated by the deposition of opsnnins, such as antibodies 
or certain complement fragments, onto the surface of parti
cles or cells. In some cases, phagocytes are unable to ingest 
certain particles or cells (e.g., encapsulated bacteria) until 
opsonization occurs. One of the products formed during 
the complement cascade, called r ', 
C3b is an opsonin. It is deposited Opsonlzatlon I~ a 

th' __ ...r f . b N process by wh1ch 
on ~ sunace o m.1cro es. eu- phagocytosis is 
trophils and macrophages possess facilitated by the 
surface molecules (receptors) that deposition of opson-
can recognize and bind to C3b. ins (e.g., antibodies 

Complement fragments C3a, or certain comple-
C~ and C5a cause mast cells to ment fragments) 
degranulate and release histamine, onto the surface of 
leading to increased vascular ._ particles or cells. 

permeability and smooth muscle 
contraction. (Mast cells are discussed in Chapter 16.) CSa 
also acts as a chemoattractant (chemotactic agent) for neu
trophils and macrophages. Chemoattractants are discussed 
later in this chaprer. 

There are a variety of hereditary complement deficiencies 
that interfere with activities of the complement system. Some 
of these inherited deficiencies are associated with defects in 
activation of the classic pathway. c A deficiency of C3 leads 
to a defect in activation of both the classic and alternative 
pathways. Defects of properdin impair activation of the 
alternative pathway.d Any of these defects leads to increased 
susceptibility to pyogenic (pus-producing) staphylococcal 
and streptococcal infections. 

Acute-Phase Proteins 
Plasma levels of molecules collectively referred to as II(,'UU-phase 
proteins increase rapidly in response to infection, inflammation, 
and tissue injury. They serve as host defense mechanisms by 
enhancing resistance to infection and promoting the repair 

cAs explained on ~Wr., the complement system can be activated 
by any of the three pathways: the classical (or classic) pathway, 
the alternative pathway, and the lectin pathway. 
dProperdin (also known as factor P) is a nonimmunoglobulin 
y-globulin component of the alternative pathway of complement 
activation . 



of damaged tissue. Acute-phase proteins include C-reactive 
protein (which is used as a laboratory marker for, or indica
tion of, inflammation), serum amyloid A protein, protease 
inhibitors, and coagulation proteins. 

c,toklnes 
Cytokines are chemical mediators that are released from 
many different types of cells in the human body. They enable 
cells to communicate with each other. They act as chemical 
messengers both within the immune system (discussed in 
Chapter 16) and between the immune system and other 
systems of the body. A ceU is able to "sense" the presence of a 
cytok:ine if it possesses appropriate surface .receptors that can 
.recognize the cytokine. The cyt:okine mediates (causes) some 
type of response in a ceU that is able to sense its presence. 
Some cytokines are chemoattractants (to be discussed later), 
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recruiting phagocytes to locations (
where they are needed. Others, like 
interferons (previously discussed), 
have a dired: role in host defense. 

Inflammation 
The body no.rmally responds to any 
local injury, irritation, microbial 
invasion, or bacterial toxin by a .._ _______ ) 

complex series of events collectively 
referred to as iDSammation or the inflammatqry respqnse 
(Fig. 15-3). The three major events in acute inflammation 
are as follows: 

• An increase in the diameter of capillaries ('VUOdilation), 
which increases blood flow to the site 

(j) n..ue InJury 
• An inRAr'flmal.ol\' ~~DQill>!!' l'ni!!Y b~ lrig9i!N!d by 

physical, chemical, or biological agents. 
• 7his d>a{lratn ~how~ lhr in11.!~ ma'!ilry ri!s paru~ 

to bacteria Introduced when a splinter 
penetraiB& the skin. 

\i) Vllaodlllltlon 
• lnc,.auiJl)!Qod nc~ to llljund a:e.a 

provides increased delivery of plasma 
proteins, neutrophlla, and phagocytes. 

PhagocytD.IIe 

Ch•motuls 

in------------------~--

@ lncnNUM~d Permnlllllty 
• Protein-rich exudate containing 

Immunoglobulins and complement 
mOI/'88 Into Injured area. 

@ Emigration ot LeukDcyte.l 
• Neutrophile and macrophages adhere 

to endothelial cells of capillaries. 
• I..GukDcylss squeeze through gaps 

created by contraction of 
endothelial cells. 

• Phagocyte attaches to 
bacterium and engulfs 
it by endocytosis. 

• Bacteria are degraded 
by oxygen radicals and 
digestive enzymes. 

• Neutrophils and macrophages move 
to alta of InJury In response to gradient 
of chemotactic mediators relea8ed by 
injured tissue. 

r Pon: . 
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/j \ ~ 
\ 

To aid In repair To localize 
infection and healing 

To pnM!nt spread 
of pathogens 

To destroy and 
detmdfy pathogens 

Rgure 111-4. The purpoaea ot' lnftammatlon. 

• Increased permeability of the 
capillaries, allowing the escape 
of plasma and plasma proteins 

• Escape of leukocytes from the 
capillaries and their accumulation 
at the site of injury 

The primary purposes of the 
inflammatory response (Fig.lS-4) 
are to 

• localize an infection 
• prrn:nt the spread of microbial 

invaders 
• neutralize any toxins being 

produced at the site 
• aid in the repair of damaged 

tissue 

The three major 
events in acute 
inflammation are va
sodilation, Increased 
permeability of the 
capillaries, andes
cape of leukocytes I 
from the capillaries. 

..._ ..j 

( The primary pur- 'I 
poses of the Inflam
matory response 
are to localize an in
fection, prevent the 
spread of microbial 
invaders, neutralize 
toxins, and aid in the 

During the inflammatory repair of damaged Jl 
process, many nonspecific host \.tissue. ~ 
defense mechanisms come into 
pla.y. These interrelated physiologic reactions result in the 
fuur cardinal (main) signs and symptoms of in:8ammation: 
redness, heat, swelling (edema), and pain.e There is often 
pus formation and, occasionally, a loss of function of the 
damaged area (e.g., an inflamed elbow might prevent 
bending of the arm). 

A complex series of physiologic events occurs imme
diately after the initial damage to the tissue. One of the 

initial events is vasodilation at 
r 

The four cardinal -, the site of injury, mediated by 
vasoactive agents (e.g., histamine 
and prostaglandins) released 
from damaged cells. Vasodilation 
allows more blood to flow to the 

or main signs and 
symptoms of in
flammation are red
ness, heat, swelling 
(edema), and pain. J site, bringing redness and heat 

Additional heat results from 
increased metabolic activities in the tissue cells at the 
site. Vasodilation causes the endothelial cells that line the 

"'n his written work, Dt Medimul (On Medicine), Anlus Corne
lius Celsus, a Roman encyclopedist who lived and died before 
the time of Christ, described the cardinal signs of inflammation 
using the Latin terms 'I"Ubor (redness), e&lor (wumth), dD/or (pain), 
and tvmor (swelling). These Latin terms are sometimes taught 
in Physiology courses. 

capillaries to stretch and separate, r Vasodilation
resulting in increased permea
bility. Plasma escapes from the 
capilla.ries into the surrounding 
area, causing the site to become 
edematous (swollen). Sometimes 
the swelling is severe enough to 
interfere with the bending of a 

an increase in 
the diameter of 
capillaries-leads to 
redness, heat, and 
edema . ... ________ } 

particular joint (e.g., knuckle, elbow, knee, and an.lde), 
leading to a loss of function. 

A variety of chemotactic agents (to be discussed later) 
are produced at the site of inflammation, leading to an influx 
of phagocytes. The pain or tenderness that accompanies 
inflammation may result from actual damage of the nerve 
fibers due to injury, irritation by microbial toxins or other 
cellular secretiom (such as prostaglandins), or increased 
pressure on nerve endings due to edema. 

The accumulation of fluid, cells, and cellular debris at 
the inflammation site is referred to as an inflammatory 
exudltte. If the exudate is thick and greenish yellow, con
taining many live and dead leukocytes, it is known as a 
purulent exudate or pus. However, in many inflammatory 
responses, such as arthritis or pancreatitis, there is no 
exudate and are no invading microbes. When pyogenic 
microbes (pus-producing mi- (.---------,., 
crobes), such as staphylococci A purulent inflam-
and streptococci, are present, matory exudate is 
additional pus is produced as often referred to as 

a result of the lrilling effect of ·~-..;.p_u_s_. _____ ...' 
bacterial toxins on phagocytes 
and tissue cells. Although most pus is greenish yellow, 
the exudate is often bluish green in infections caused by 
Pseudwumas atlNlgfnosa. This is caused by the bluish-green 
pigment (called pyocytmin) produced by this organism. 

When the inflammatory response is over and the 
body has won the battle, phagocytes clean up the area 
and help to restore order. The cells and tissues can then 
repair the damage and begin to function normally again 

-, in a homeostatic (equilibrated) 
The primary func- state, although some permanent 
tions of the lym- damage and scarring may result. 
phatic system The lymphatic system-includ-
lnclude draining and ing lymph (the fluid component 
circulating_ Inter- of the lymphatic system), lym-
cellular fluids from phatic vessels lymph nodes and 
f t rting ' ' ~:a:~ ::m lymphatic organs (tonsils, spleen, 
the digestive system an~ thymus gland~-also pl~ys 
to the blood remov- an l.Dlportant role m defending 
ing foreign ~atter the body against invaders. The 
and microbes from primary functions of this system 
the lymph, and pro- include draining and circulating 
ducing antibodies intercellular fluids from the tis-
and other factors to sues and transporting digested 
aid In the destruc- fats from the digestive system to 
tlon and detoxlflca- the blood. Also, macrophages, B 
tlon of any Invading cells and T cells in the lymph 
microbes. d ' fil th 1 h by ... ________ .J no es serve to ter e ymp 



removing foreign matter and microbes and by producing 
antibodies and other factors to aid in the destruction and 
detoxification of any invading microbes. 

The body continually wages war against damage, 
injury, malfunction, and microbial invasion. The outcome 
of each battle depends on the person~ age, hormonal 
balance, genetic resistance, and overall state of physical 
and mental health, as well as the virulence of the patho
gens involved. 

Phagocytosis 
The cellular elements of blood are shown in Figures 15-5 
and 15-6. Recall &om Chapter 13 that the three major 
categories of leukocytes found in blood are monocytes, 
lymphocytes, and granulocytes. The three types of gran
ulocytes are neutrophils, eosinophils, and basophils. 

lymphocy11?. 

I 
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Figure 1&·8. Digitally colorized scanning electron micro· 
graph of (from left to right) an erythrocyte, a platelet, and 
a lymphocyte. {Provided by the National Canctll' Institute and 
Wikimedia Commons.) 

neutrophal 

'lvnym ;:JUSIIJ l,;iJIIUSJri;:J IWU U)'-; lfUlilll \IS rtNUIIiii"UI"ISIIIfl' ISI,;IUII,; U)'l:f1 Wllll,;ll :tllllll:t UIJ:il(.; :tUUIUISII&;ltl:iJ 

and methylene blue (a dark blue dye, which stains acidic substances). Eosinophil granules stain red· 
dish orange because their contents are basic and, therefore, attract the acidic dye. Basophil granules 
stain clark blue because their contents are acidic and, therefore, attract the basic dye. The contents of 
neutrophil granules are neutral (neither basic nor acidic) and, therefore, attract neither the acidic dye 
nor the basic dye. (From McCall RE, Tankersley CM. Phlebotomy EssentiBJs. 2nd ed. Philadelphia, PA: 
Uppincott-Raven Publishers; 1998.) 
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Figu,. 15-7. Digitally colorized acann.,g electron micro
graph depicting four green-colored methicillin-resistant 
Bfephylococcus aunNIS {MRSA) cells being phagocytized 
by a human white blood ceiL (Provided by the National Insti
tute of Allergy and Infectious Diseases and the CDC.) 

r 

' The three major 
categories of leuko
cytes found In blood 
are monocytes, 
lymphocytes, and 
granulocytes. 

Phagocytic white blood cells 
are called phagocytes, and the 
process by which phagocytes 
surround and engulf (ingest) 
foreign material is called phago-
cytosis (Fig. I 5-7). The two most 

,_ 
~ important groups of phagocyt:es 

in the hUD12D. body are m.acrophages and neutrophils; they 
are sometimes called "professional phagocytes" because 
phagocytosis is their major function.£ Macrophages serve 
as a "cleanup crew" to rid the body of unwanted and often 
harmful substances, such as dead cells, unused cellular 
secretions, debris, and microbes. 

Granulocytes are named for the prominent cytoplas
mic granules that they possess. Phagocytic granulocytes 
include neutrophils and eoainophlls. Neutrophils (also 

- known as polymorphonuclear 
The two most im- cells, polys, and PMNs) are much 
portant groups of more efficient at phagocytosis 
phagocytes In the than eosinophils. An abnonnally 
human body-
sometimes referl'8d high number of eosinophils in 
to as •professional the peripheral bloodstream is 
phagocytes~-are known as eosinophilia. Exam-
macrophage& and pies of conditions that cause 
neutrophils. eosinophilia are allergies and 
"- .) helminth infections. Baso-
phn., a third type of granulocyte, are also involved in 
allergic and i.nilammatory reactions, although they are 
not phagocytes. Basophil granules contain histamine 

iMacrophages and ncutrophils are not the only body cells 
capable of phagocytosis, but they are the most importmt 
phagocytic cells. 

STUDY AID 
Cellular Elements of Blood 

Erythrocytes (red blood cells) 
Thrombocytes (platelets) 
Leukocytes (white blood cells) 

Granulocytes 
Basophils 
Eosinophils 
Neutrophils 

Monocytes/Macrophages 
Lymphocytes 

B cells 
Tcells 

Helper T cells (T H cells) 
Cytotoxic T cells (T c cells) 
Regulatory T cells (Treg cells) 

NKcells 

and other chemical mediators. Basophils are further 
discussed in Chapter 16. 

Macrophages develop from a type of leukocyte called 
monocytes during the inflam
matory response to infections. 
Those that leave the bloodstream 
and migrate to infected areas are 
called wandering macrophage~. 
Fixed mac:rophages (also known 

{ 

Granulocytes in
clude basophils, 
eoslnophDs, and 
neutrophfls. 

'--------" 
as bistocytes or bistiocytes) remain within tissues and 
organs and serve to trap foreign debris. Macrophages 
are extremely efficient phagocytes. They are found in 
tissues of the reticuloendothelial system (RES). T his 
nonspecific defensive system includes cells in the liver 
(Kupffer cells), spleen, lymph nodes, and bone marrow 
as well as the lungs (alveolar or dust cells), blood vessels, 
intestines, and brain (microglia). The principal func
tion of the entire RES is the engulfment and removal 
of foreign and useless particles, living or dead, such as 
excess cellular secretions, dead and dying leukocytes, 
erythrocytes, and tissue cells as well as foreign debris 
and microbes that gain entrance to the body. 

The four steps in phagocytosis 
are chemotaxis, attachment, in
gestion, and digestion. They are 
discussed nen and are summariud 
in Table 15-1. 

Chamotaxls 
Phagocytosis begins when phagocytes 
move to the site where they are 
needed. This directed migration 
is called chemotuis and is the 

r "", 
Wandering macro-
phages leave the 
bloodstream and 
migrate to sites of 
infection and other 
areas where they are 
needed. Fixed mac
rcphages 11tmain 
within tissues and 
organs. , \. _______ ... 



Four Steps in Phagocytosis 

Step Brief Deecription 

1. Chemotaxis Phagocytes are attracted by chemotactic 
agents to the site where they are 
needed 

2. Attachment 
3. Ingestion 

A phagocyte attaches to an object 
Pseudopodia surround the object, and it 

is taken into the cell 
4. Digestion The object is broken down and dissolved 

by digestive enzymes and other 
mechanisms 

result of chemical attr1lctants referred to as chemotac
tic agents (also called chemotactic factors, chemotactic 
substances, and chemoattractants). Chemotactic agents 
that are produced by various cells of the human body are 
c:alled chemokines.r Chemotactic agents are produced 
during the complement cascade and inBammation. The 
phagocytes move along a concentration gradient; that 

The directed migra
tion of phagocytes is 
called chemotaxis. It 
is caused by chem
icals referred to as 
chemotactic agents. 

is, they move from areas of low 
concentrations of chemotactic 
agents to the area of highest 
concentration. The area of highest 
concentration is the site where 
the chemotactic agents are being 
produced or released-often 
the site of inflammation. Thus, 

the phagocytes are attracted to the site where they are 
needed. Different types of chemotactic agents attract 
different types of leukocytes; some attract monocytes, 
others neutrophils, and still others eosinophils. 

Atlacllmllll 
The ne:rt step in phagocytosis is attachment of the phagocyte 
to the object (e.g., a yeast or bacterial cell) to be ingested. 
Phagocytes can only ingest objects to which they can at
tach • .As previously mentioned, opsonization is sometimes 
necessary to enable phagocytes to attach to certain particles 

In opsonlzatlon, a 
particle becomes 
coated with opson
ins-either comple
ment fragments or 
antibodies. 

(e.g., encapsulated bacteria). In 
opsonization, the particle becomes 
coated with opsonins (either com
plement fragments or antibodies). 
Because the phagocyte possesses 
surface molecules (receptors) 

J for complement fragments and 
~ can now attach to the particle 

'Various types of cells within the human body, including ceUs of 
the immune system, communicate with each other. They do so 
by means of chemical messages-proteins known as cytokines. 
If the cytokines are cbem01:2ctic agents attracting leukocytes to 

areas where they are needed, they are referred to as chemokines. 
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Figura 16·8. Opaonization. A. The phagocyte shown here is 
unable to attach to the encapsulated bacterium because there 
are no molecules (recepton;) on the surface of the phagocyte 
that can recognize or attach to the polysaccharide capsule. 
B. Complement fragments (represented by the symbol C'} have 
been deposited onto the surface of the capsule. On this exam
ple, the opsonins are complement fragments.) Now the phago
cyte can attach to the bacterium because there are receptors 
(represented by red circles} on the phagocyte's surface that 
can recognize and bind to complement fragments. C. Antibod
Ies (the Y-shaped molecules) have attached to the capsule. On 
this example, the opsonlns are antibodies.) Now the phagocyte 
can attach to the bacterium because there are receptors (rep
resented by green squares) on the phagocyte's surface that 
can recognize and bind to the F., region of antibody molecules 
(see text for additional details}. N, nucleus. 

Ingestion 
The phagocyte then surrounds the object with pseudo
podia, which fuse together, and the object is ingested (is 
phagocytized or phagocytosed) (Fig. 15-9). Phagocytosis 
is one type of endocytosis, that is, the process of ingesting 
material from outside a cell. Within the cytoplasm of the 
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Rgure 1&-9. The ingestion phase of phagocytosis. 
A. A phagocyte has attached to a bacterial cell. B. Pseudopo
dia extend around the bactet1al cell. C. The pseudopodia meet 
and fuse together. D. The bactet1al cell, surrounded by a mem
brane, Is now Inside the phagocyte. The membrane-bound 
structure, containing the ingested bacterial cell, is called a 
phagosome. N, nucleus. (An animated version of Figures 15-9 
and 15-10 can be found on '~'~il'l .) 

N 

\ 
\ _ Lyeoeome 

A 

B 

c 

D 

Figure 15-10. The digestion phase of phagocytoais. A. A 
lysosome, containing digestive enzymes, approaches a pha
gosome. B. The lysosome membrane fuses with the phago
some membrane. C. The lysosome and phagosome become a 
single membrane-bound vesicle, known as a phagoly8080m&. 
The phagolysosome contains the ingested bacterial cell plus 
digestive enzymes. D. The bacterial cell is digested within the 
phagolysosome. N, nucleus. 



phagocyte, the object is contained (~ 
within a membrane-bound vesicle 
called a phagosome. 

Dlglltlon 
The phagosome next fuses with a 
nearby lysosome to form a digestive 
vacuole (phagolysosome), within '-·-------"" 
which killing and digestion occur (Fig. 1 S -1 0). Recall from 
Chapter 3 that lysosomes are membrane-bound vesicles 
containing digestive enzymes. Digestive enzymes found 

within lysosomes include lyso
zyme, P-lysin,lipases, proteases, 
peptidases, DNAses, and RNases, 
which degrade carbohydrates, 
lipids, proteins, and nucleic acids. 

Other mechanisms also 
participate in the destruction 
of phagocytized microbes. In 

Figure 15·11. Photomicrograph of rat leukocytes, some 
of which contain phagocytized Giardia nphozolte8. The 
phagocytosis oocu~d under experimental conditions In a 
research laboratory. Each Giardia trophozoite contains two 
darkly stained nuclei, gMng the appearance of eyes. (Provided 
by Biomed Ed, Round Rock, TX.) 
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neutrophils, for e:wnple, a membrane-bound enzyme called 
nicotinamide adenine dinucleotide phosphate oxidase reduces 
oxygen to very destructive products such as superoxide 
anions, hydroxyl radicals, hydrogen peroxide, and singlet 
oxygen. These highly reactive reduction products assist in 
the destruction of the ingested microbes. Another killing 
mechanism involves the enzyme myeloperoxidase. After 
lysosome fusion, myeloperoxidase is released, which, in the 
presence of hydrogen peroxide and chloride ion, produces 
a potent microbicidal agent called hypochlorous acid. 

Figures 15-11 and 15-12 depict Gillrdia lmnblilz tto
phozoites being phagocytized by rat leukocytes. G.lamblitz 
(also known as Gitwdi11 i'nUstinillis) is a flagellated protozoan 
parasite that causes a diarrheal disease known as giardiasis. 
These photomicrograph and electron micrographs were 
taken during a laboratory research project involving op
sonization of Gillrdia ttophozoites. 

Mechanisms by Which Pathogens Escape 
Destruction by Phagocytes 
During the initial phases of infection, capsules serve an 
antiphagocyti.c function, protecting encapsulated bac
teria from being phagocytized. Some bacteria produce 
an exoenzyme (referred to as a toxin by some scientists) 
called leukocidin, which kills phagocytes. As mentioned in 
Chapter 14, not all bacteria engulfed by phagocytes are 
destroyed within phagolysosomes. For example, waxes 
in the cell wall of MycobtJCteriu:m tuberculosis protect the 
organism from digestion. The bacteria are even able to 
multiply within the phagocytes and are transported within 
them to other parts of the body. Other pathogens that are 
able to survive within phagocytes include bacteria such as 
Riclt:ettsia rickett.rii, Legionella fJMU11UJPhilll, Broce/la abortus, 
Coxiella bumetii, Limrill mM~otytogenu, and Slllmrnu:lla spp., 
as well as protozoan parasites such as Toxoplasma grmdii, 
TrypMllJSOma cruzi, and Leishmania spp. The mechanism by 
which each pathogen evades digestion by lysosomal enzymes 
differs from one pathogen to another; in some cases, the 
mechanism is not yet understood. These pathogens may 

Figure 15·12. Scanning electron micrographs (A. B) illustrating the phagocytosis of Giill"dia trophozoite• (G) by rat leuko
cytes (L). The phagocytosis occurred under experimental conditions in a research laboratory. (Provided by Dr. Stanley Erlandsen 
and Blomed Ed, Round Rock, TX.) 
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ls bact . d -1 remain dormant within phagocytes 
p~~:zoa :en:b~: for months or ~s before they 
to survive within escape to cause disease. Thus, these 
phagocytes. types of virulent pathogens usually 

- __) win the battle with ph.agocytes. 
Unless antibodies or complement fragments are present 
to aid in the destruction of these pathogens, the infection 
may progress unchecked. 

Ehrlichia and AMpillsma spp., closely related to rickettsias, 
are obligate, intracellular, Gram-negative bacteria that live 
within leukocytes (i.e., they are intndeukocytic pathogens). 

These organisms cause two en- t Ehrlichia and Ana
demic, tickbome diseases in the 

plasma spp. are 
United States. Ehrlichis spp. cause intraleukocytic bac-
human monocytic ehrlichiosis, a teria, which are able 
condition in which the bacteria to live and multiply I 
infect monocytic phagocytes. within leukocytes. 
AnaplasmtJ spp. cause human "- "" 
anaplasmosis (or human granulocytic ehrlichiosis, as it is 
sometimes called), a condition in which the bacteria infect 
granulocytes. The bacteria are somehow able to prevent 
the fusion of lysosomes with phagosomes. 

Disorders and Conditions That Adversely Atraat 
Phagocytic and Inflammatory Processes 

Leukopenia 
Some patients hare an abnormally law number of circulating 
leulcocyte9--9 condition known as leuJmpenia. (Although the 
terms kuhJpenitl and neu:t:ropenia are often used synonymously, 
,-------~..., theyarenotreallysynonyms. Tech-

nically, neutropenia is an abn.ormally 
low number of circulating neutro
phils; neutropenia = neutrophilic 
leukopenia.) Leukopenia may 
result from bone marrow injury 
as a result of ionizing radiation or 
drugs, nutritional deficiencies, or 

Leukopenia is an 
abnormally low 
number of circu
lating leukocytes. 
Neutropenia Is an 
abnormally low 
number of circulat
ing neutrophils. 

J congenital stem cell defects. 

STUDY AID 
Beware of Similar 
Sounding Words 

When a patient has an 
abnonnally low number 
of circulating leukocytes, 
the condition is known as leukopenia. When a 
patient has an abnonnally high number of circulating 
leukocytes, the condition is known as leukocytosis 
(which is usually the result of an infection). Leukemia 
is a type of cancer in which there is a proliferation of 
abnonnalleukocytes in the blood. Actually, there are 
several different types of leukemia, classified by the 
dominant type of leukocyte. 

Disorders and CondHions Allecllng Leukocyte 
Motility and ChemotaxiS 
The inability of leukocytes to migrate in response to che
motactic agents may be related to a defect in the production 
of actin, a structural protein associated with motility. Some 
drugs (e.g., corticosteroids) can also inhibit the chemotactic 
activity of leukocytes. Decreased neutrophil chemotaxis 
also occurs in the inherited childhood disease lmown as 
Chediak-Higashi syndrome (CHS). In addition, the PMNs 
of individuals with CHS contain abnormallysosomes that 
do not readily fuse with phagosomes, resulting in decreased 
bactericidal activity. CHS is characterized by symptoms 
such as albinism, central nervous system abnormalities, 
and recurrent bacterial infections. 

Dlsord.-s and CondHions All8cllnglntracallular 
Killing by Phagacytes 
The phagocytes of some individuals are capable of ingesting 
bacteria, but are incapable of killing certain species. This is 
usually the result of deficiencies in myeloperoxidase or an 
inability to generate superoxide anion, hydrogen peroxide, 
or hypochlorite. Chronic granulomatous disease (CGD) 

Factor 

Nutrldonal status 

Increased iron 
levels 

Age 

Cancer and cancer 
chemotherupy 
AIDS 

Drugs 
vartous genetic 
defects 

T H cells, helper T cells. 

Comments 

Malnutrldon Is accompanied by de
creased resistance to infections 

High concentrations of iron make it 
easier for bacteria to satisfy their 
iron requirements; high concen
trations of iron reduce the chemo
tactic and phagocytic activities of 
phagocytes; increased iron levels 
may result from a variety of condi
tions or habits 

People living under stressful con
ditions are more susceptible to 
infections than people living under 
1998 sb9ssful condiUons 

Newborn Infants lack a fully devel
oped Immune system; the effi
ciency of the Immune system and 
other host defenses declines after 
age 50 

Cancer chemotherapeutic agents kill 
healthy cells and malignant ones 

Destruction of the AIDS patient's T H 

cells decreases the patient's ability 
tc produce antibodies to certain 
pathogens (discussed in Chapter 
18) 

Steroids and alcohol, for example 
8-cell and T-cell deficiencies, for 

example 



is an often &tal genetic disorder that is characterized by 
repeated bacterial infections. The PMNs of individuals with 
CGD can ingest bacteria but cannot kill certain species. 
In one form of CGD, the person's PMNs are unable to 
produce hydrogen peroxide. In another hereditary disorder, 
the individual's PMNs completely lack myelopero:ridase. 
Their PMNs do possess other microbicidal mechanisms, 
however, so these individuals usually do not experience 
recurrent infections. 

Additional Factors 
Table 15-2 lists some additional factors that can impair 
host defense mechanisms. 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look at the Complement System 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Host defense mechanisms-ways in which the 
body protects itself from pathogens-can be 
thought of as an army consisting of how many 
lines of defense? 
a. two 
b. three 
c. four 
d. five 

2. Which of the following is not part of the body's first 
line of defense? 
a. fever 
b. intact skin 
c. mucus 
d. pH of the stomach contents 

3. Each of the following is considered a part of the 
body's second line of defense except: 
a. fever 
b. inflammation 
c. interferons 
d. lysozyme 
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4. Which of the following is not a consequence of 
activation of the complement system? 
a. attraction and activation of leukocytes 
b. increased phagocytosis by phagocytic cells 

(opsonization) 
c. lysis of bacteria and other foreign cells 
d. repair of damaged tissue 

5. Each of the following is a primary purpose of the 
inflammatory response except: 
a. to localize the infection 
b. to neutralize any toxins being produced at the 

site 
c. to prevent the spread of microbial invaders 
d. to stimulate the production of opsonins 

6. Which of the following cells Is a granulocyte? 
a. eosinophil 
b. lymphocyte 
c. macrophage 
d. monocyte 

7. All the following would be considered an aspect of 
microbial antagonism except: 
a. competition for nutrients 
b. competition for space 
c. production of bacteriocins 
d. production of lysozyme 

8. Which of the following function as opsonins? 
a. antibodies 
b. antigens 
c. complement fragments 
d. both a and c 

9. Which of the following statements is not true about 
interferons? 
a. Interferons are virus specific 
b. Interferons have been used to treat hepatitis C 

and certain types of cancer 
c. Interferons produced by a virus-infected cell will 

not save that cell from destruction 
d. Interferons produced by virus-infected rabbit 

cells cannot be used to treat viral diseases in 
humans 

10. Which of the following is not one of the four 
cardinal signs or symptoms of inflammation? 
a. edema 
b. heat 
c. loss of function 
d. redness 
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LEARNING OBJECTIVES 

After studying this chapter, you should be able to: 

• Define the terms Immunology, Immunity, andgenlc 
determinant, immunoglobulins, primary response, 
secondary response, agammaglobulinemia, 
hypogammaglobulinemia, T cell, B cell, plasma cell, 
and immunosuppression 

• Differentiate between humoral immunity and cell
mediated immunity 

• Distinguish between active acquired immunity and 
passive acquired immunity 

• Differentiate between natural active acquired 
immunity and artificial active acquired immunity and 
cite an example of each 

• Distinguish between natural passive acquired 
immunity and artificial passive acquired immunity and 
cite an example of each 

• Outline the steps involved in the processing of 
T-independent antigens and T-dependent antigens 

INTRODUCTION 

The Immune system 
Is considered to be a 
specific host defense 
mechanism and the 
third line of defense. 

.) 

Immunology is the scientific 
study of the immune system and 
responses. Scientists who study 
various aspects of the immune 
system are called immunologists. 

POTLIGHTING 

The following infonnation is from 
www.aboutbioscience.org/careeers/ 
immunologist: 

Immunologists are research scientists 
or practicing specialists who study, analyze, 

or treat disease processes that involve the 
immune system. To become an immunologist, 

one must have, in addition to a PhD or an MD, 
at least 2 to 3 years of training in an accredited pro
gram and must pass an examination given by the 
American Board of Allergy and Immunology. Many 
immunologists are employed in research, where new 
findings and treatments are discovered for persistent 
illnesses, such as allergies, pneumonia, and ab
scesses. These Immunologists, who possess a PhD 
in immunology, work in laboratories where they study 
and test interactions of chemicals, cells, and genes 
in the body to better understand what is necessary 

• Identify the two primary functions of the Immune 
system 

• Construct a diagram of a monomeric antibody 
molecule 

• Identify and describe the five immunoglobulin classes 
(isotypes} 

• List the types of cells that are killed by natural killer 
(NK) calls 

• Name the four types of hypersensitivity reactions 
• Outline the steps involved in allergic reactions, 

starting with the initial sensitization to an allergen 
and ending with the typical symptoms of an allergic 
reaction 

• Cite six examples of allergens 
• List five possible explanations for a positive 

tuberculosis (TB) skin test 

for an immune system to function properly. Pediatric 
immunologists (also known as pediatric allergists) 
specialize in children and typically work in children's 
hospitals, community hospitals, private offices, and 
university medical centers. Pediatric immunologists 
possess a medical degree and additional years of 
training in specialized immunology/allergy programs. 

The immune system is considered to be the third line of 
defense. It is considered a specific host defense mechanism 
because it springs into action to defend against a specific 
pathogen (or other foreign object) that has gained entrance 
to the body. 

HISTORICAL 
NOTE 
Ortglna of Immunology 

Some historians cite Edward 
Jenner's smallpox vaccine (first 
administered In 1796} or Louis 

Pasteur's vaccines against 
anthrax, cholera, and rabies 
(developed in the late 1800s) 
as the origin of the science 
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of immunology. It was Pasteur who first used the 
terms immune and immunity. However, neither Jenner 
nor Pasteur understood how or why their vaccines 
worked. Most likely, immunology got its start in 1890, 
when Emil Behring and Kitasato Shibasaburodiscov
ered antibodies while developing a diphtheria antitoxin. 
At about the same time, ~lie Metchnikoff discovered 
phagocytes and introduced the cellular 1haory of im
munity. By 1910, the main elements of clinical immu
nology o.e., allergy, autoimmunity, and transplantation 
immunity) had been described, and immunochemistry 
had become a quantitative science. Major advances 
in immunology began to take shape in the late 1950s, 
when the focus shifted from serology Onvestigating 
antigens and antibodies in serum) to cells. Defining the 
role of lymphocytes signalec:l'lhe start of the new era. 
The emphasis on Immune cells and the emergence of 
the concepts and tools of molecular biology were the 
two most powerful influences on immunology since its 
inception. The roots of medical laboratory immunol
ogy are found in clinical microbiology-the very first 
immunologic procedures were designed to diagnose 
infectious diseases. In some medical facilities (primar
ily small ones), immunologic procedures are still per
formed in microbiology laboratories. In larger hospitals 
and medical centers, immunologic procedures are 
performed in an Immunology Laboratory, which is sep
arate from the Clinical Microbiology Laboratory (CMI.J. 

Immune responses involve complex interactions among 
many different types of body cells and cellular secretions. 
Only certain basic fundamentals of immunology and im
mune responses are presented in this chapter. Topics briefly 
discussed here include active and passive acquired immunity 
to infectious agents, vaccines, antigens and antibodies, 
processes involved in antibody production, cell-mediated 
immune responses, allergies and other types of hypersensi
tivity reactions, autoimmune diseases, immunosuppression, 
and immunodiagnostic procedures (IDPs). 

THE KEY TO UNDERSTANDING 
IMMUNOLOGY 

-, An understanding of immunology 
Antigens are mole- boils down to an understanding of 
cules that stimulate two terms: antigens and antibodies. 
the Immune system For the moment, thinkofantigens 
to produce anti bod- as molecules (usually proteins) that 
les. Antibodies are stimulate a person's immune system 
proteins produced to produce antibodies. Think of 
by the immune sys- antibodies as protein molecules 
tem in response to 
antigens. that a person's immune system 

,. _______ ) produces in response to antigens. 
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; chapter, antigens and antibodies are discussed 
ill. As you study tills chapter, keep in mind that 
"Stand antigens and antibodies, you are well on 
understanding immunology. 

' FUNCTIONS OF THE 
SYSTEM 

o accepted doctrine, 
y functions of the 
:tern are to 

Lte between "self" and 
(something foreign) 
aat which is nonself. a 

.. -
The prtmary func
tions of the Immune 
system are to dif
ferentiate between 
"self~ and ~nonself' 
(something foreign) 
and destroy that 

--., 

which is nonself. l 
"--------·· 

~MS OF THE IMMUNE SmEM 

vo major arms of the immune system: humoral 
t1d cell-mediated immunity (CMI) (Fig. 16-1 ). 
U. immunity always involves the production of 
n response to antigens. After their production, 
•ral (circulating) antibodies remain in blood 
1h, and other body secretions where they protect 
~cific pathogens that r 1 
u:ir production. Thus, Antibodies play a 

major role in hu-immunity, a person is 
1 particular pathogen 
1e presence of specific 
antibodies that are 
ainst that pathogen. 

moral immunity, but 
play only a minor 
role, if any, in CMI. 

\ ) 

"An alternative viewpoint. For more than 50~ immunologists 
have relied on the selflnonself theory of immunity, which states 
that the immune system reacts to, or "does battle with," nonself 
(foreign molecules), but does not react to self (molecules that are 
pan of the human body). However, there are certain immunologic 
events that are seemingly at odds with this theory. An alternative 
model of immunity has been proposed, called the Danger Model. 
This model "suggem that the immune system is more concerned 
with [tissue) damage than with foreignness, and is called into 
action by [danger or] alarm signals [emitted] from injured tissues, 
l"ll.ther than by the recognition of non-scl£"When disttessed, "[the 
tissues] stimulate immunity, and ... they may also determine the 
[specific type] of [immune) response." The immune response "is 
tailored to the tissue in which the response occurs, rather than 
being tailored by the targeted pathogen." Thus, "immunity is 
controlled by an inu:rnal. conversation between tissues and the cells 
of the immune system." (From Matzinger P. The danger model: 
a renewed sense of self. &imu. 2002;296:301-305.) It should be 
noted that the Danger Model has not won universal acceptance. 
Many immunologists believe that the immune response is mainly 
fueled by receptors that recognize patterns expressed by bacteria 
and other microbes and do not see cell death in the absence of 
pathogens as a primary driver of immune response. These ideas, 
however, do not cxpWn how the immune system rejects transplants 
or tumors or induces autoimmune diseases (en.Wtkipedia.org.). 
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I Immune System ) 
'" I 

I I 
Humorallmmunlly 

Always involves the production 
of antibodies. 

Andbodles play a major role 
In humoral Immunity. 

'1, 

C•II-MecllatN Immunity 
Involves many different cell 

types, Including macmphages, 
T helper cells, cytotmclc T cells, 
delayed hypet'B8nsltlvlly T cells, 
natural killer cells, killer cells, 
and granulocytas. Ahhough 

antibodias may play a role in 
some types of cell-mediated 

immune 198Ctions, they do not 
play a major role. 

Figure 1 0·1. The two major anna of the Immune syatem. 

[ 

CMI . lv . ] Because humoral immunity is 1nvo es vanous • . • • . 
cell types with anti- mediated by anttbod1es, 1t 1s 

bodies pl~ylng only ~0 kn~ as tmtibody-metliated 
a minor role, If any. mmnmrty (AMI). 

The second major arm of 
the immune system-CMI-involves various cell types, 
with antibodies playing only a minor role, if any. These 
immune responses are referred to as cell-mediated immune 
responses; they are briefly discussed later in this chapter. 

IMMUNITY 

A significant result of immune responses is to make a person 
resistant to certain infectious diseases. When one is .resistant 
to a certain disease, he or she is said to be immune. The con
dition of being immune is usually referred to as immunity. 
Humans are immwte to certain infectious diseases simply 
because they are hUDlaDS. For example, humans are not in
fected with some of the pathogens that infect their pets. One 
explanation for this is that human cells do not possess the 
appropriate cell surface receptors for some of the pathogens 
that cause diseases of pets. Other reasons for this natural or 
innate resistance are far more complex and, in some cases, 
not fully understood, and are not addressed in this chapter. 

STUDY AID 
Different Uses of the 
Tenn Resistant 

As you have learned in pre
vious chapters, bacteria can 
become resistant to certain 
antibiotics, meaning that they are no longer killed by 
those antibiotics. Such bacteria are said to be drug 
resistant. Humans do not become resistant to anti
biotics. Humans can become resistant (Immune) to 
certain infectious diseases, however, in ways that are 
discussed in this chapter. 

'What will be discussed in this section are the various 
types of immunities that humans acquire as life progresses, 
from conception onward-these types of immunity are 
collectively referred to aucquind immunity. Such immunity 
is often the result of the presence of protective antibodies 
that are directed against various pathogens. 

Acqulrad Immunity 

Immunity that results from the active production or receipt of 
protective antibodies during one's lifetime is called acquired 
immunity. H the antibodies are actually produced within the 
person's body, the immunity is called 
active acquired immunity; such Immunity that 
protection is usually long lasting. results from the 

active production 
In passive acquired immunity, the or receipt of pro-
person receives antibodies that were tectlve antibodies 
produced by another person or by during one's lifelime 
more than one person, or, in some is called acquired 
cases, by an animal; such protection immunity. , 
is usually only temporary. In either "- -' 
case, active or passive, the immunity may result from either a 
natural or an artificial event. The four categories of acquired 
immunity are summarized in Table 16-1. 

Acllva Acquired Immunity 
There are two types of active acquired immunity: 

1. Natural (or naturally occurring) active acquired immunity, 
which, as the name implies, ~ ------..

1 
occurs naturally. Acquired immunity 

2. Artificial (or artificially occur- may be the result of 
ring) active acquired immunity, a natural or an artifi-
which does not occur naturally; •~,_c_ia_l _ev_e_n_t. ____ ) 

rather, it is artificially induced. 

f '1111111 18-'1 ~~ L!J.J..L:..I.~ILI.LLJ..L.L.Io.:.J.&I'.I...I.lJ'~ .,lll 

Active acquirad immunity 

Natural active acquired 
immunity 

Artificial active 
acquired Immunity 

Immunity lhat is acquired in 
response to the entry of a 
live pathogen into the body 
Q.e., In response to an actual 
lnfecUon) 

Immunity that Is acquired In re
sponse to vaccines 

Passive acquired immunity 

Natural passive 
acquired immunity 

Artificial passive 
acquired immunity 

Immunity that is acquired by a 
fetus when it receives maternal 
antibodies in utero or by an 
infant when it receives mater
nal antibodies contained in 

colostrum j 
Immunity that is acquired when 

a person receives antibod
ies contained in antisera or 
gamma globulin 



1 People who have had a 
infection usually have dev 
some resistance to reinfec 
the causative pathogen t 
of the presence of anti bod 

.... ________ ..! stimulated lymphocytes.' 

called natural active ao 
immunity. Symptoms of the disease may or may 
present when these antibodies are formed. Such res 
to reinfection may be permanent, lasting for a p 
entire lifetime, or it may only be temporary. Anti 
that protect us from infection or reinfection are 
protective antibodies. Sometimes, there is no imm'll 
reinfection after recovery from certain infectious d 
even though antibodies are produced against the pat 
that cause these diseases. This is because the antibod 
are produced are JJOt protective antibodies. 

Artificial active acquired immunity is the secor 
of active acquired immunity. This type of immunity 

when a person receives a v 

I
~ 1 The administration of a ~ 

(Fig. 16-2) stimulates a p 
immune system to produce 
protective antibodies-ant 
that will protect the person 

·------~) he or she become coloni2;j 
that particular pathogen in the future. Vaccines are di: 
more fully in the following section. 

Vaccines. The mere mention of the names of ' 
infectious diseases struck fear into the hearts 
ancestors. Today, thanks to childhood vaccines, re: 
of the United States rarely hear of those diseases,le 
live in fear of them. Here is what the Centers for I 
Control and Prevention (CDC) has stated: "It's true 

diseases Qike polio and diphtheria) are becomizl 
rare in the U.S. Of course, they are becoming rare 
because we have been vaccinating against them. E 
still reasonable to ask. whether it's really worthw 
keep vaccinating. It's much like bailing out abo~ 
a slow leak. When we started bailing, the boat wa 

HJ 

Figure 18-2. Child receiving a vaccine. (Provided by Judy 
Schmidt, Jam98 Gathany, and the CDC.) 

HISTORICAL 
n 

Vaccination 

Since the time of the ancient 
Greeks, It has been observed that 
people who have recovered from 

certain infectious diseases, 
such as plague, smallpox, and 
yellow fever, rarely contract the 
same diseases again. The use 

of vaccines to prevent diseases 
may date as far back as the 11th century, when the 
Chinese used a powder prepared from dried small
pox scabs to immunize people, either by introducing 
the powder Into a person's skin or by having him 
or her inhale the powder. This method of prevent-
ing smallpox-using actual smallpox scabs-was 
known as the Chinese method. One of those immu
nized in this manner was Edward Jenner, a British 
physician. Some years later, Jenner investigated the 
widespread belief that milkmaids, who usually had 
clear, unblemished skin, never developed smallpox. 
He hypothesized that having had cowpox (a much 
milder disease than smallpox and one that leaves no 
scars) protected the milkmaids from getting small
pox. He prepared a smallpox vaccine, using material 
obtained from cowpox lesions. People injected with 
Jenner's vaccine were protected from smallpox. The 
words ''vaccine• and "vaccination• come from vacca, 
the latin word for cow. Because Jenner was the first 
person to publish On 1798) the successful results of 
vaccination, he Is generally given credit for originat
ing the concept. During the late 19th century, Louis 
Pasteur developed successful vaccines to prevent 
cholera in chickens, anthrax in sheep and cattle, and 
rabies in dogs and humans. It was actually Pasteur 
who first used the tenns vaccine and vaccination. 

with water. But we have been bailing fast and hard, and 
now it is almost dry. We could say, 'Good. The boat is 
dry now, so we can throw away the bucket and relax.' But 
the leak hasn't stopped. Before long we'd notice a little 
water seeping in, and soon it might be back up to the 
same level as when we started. Unless we 'stop the leak' 
(eliminate the disease), it is important to keep immunizing. 
Even if there are only a few cases of disease today, if we 
take away the protection given by vaccination, more and 
more people will be infected and will spread disease to 
others. Soon we will undo the progress we have made 
over the years. If we stop vaccinating, diseases that are 
almost unknown would stage a comeback. Before long 
we would see epidemics of diseases that are nearly under 
control today. More children would get sick. and more 
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would die. We don'tvaccinate just to protect our children. 
We also vaccinate to protect our grandchildren and their 
grandchildren. If we keep vaccinating now. parents in the 
future may be able to trust that diseases like polio and 
meningitis won't infect, cripple, or kill children" (http:// 
www.cdc.gov/vaccines). 

A vaccine is defined as material that can artificially induce 
immwU.ty to an infectious disease, usually after injection 

or, in some cases, ingestion of the 
material (e.g., oral polio vaccine). 
A person is deliberately exposed to 

a harmless version of a pathogen 
(or toxin), which will stimulate his 
or her immune system to produce 
protective antibodies and mem
ory cells (described later in this 
chapter), but will not cause disease 
in him or her. In this manner, the 

Vaccination delib
erately exposes a 
person to a harm
less version of a 
pathogen (or toxin), 
to stimulate his or 
her immune system 
to produce protec
tive an1fbodles and 
memory cells. 

-.J person~ immune system is primed 
to mount a strong protective response should the actual 
pathogen (or toxin) be encountered in the future. 

An ideal vaccine is one that 

• contains enough antigenic determinants to stimulate the 
immune system to produce protective antibodies (i.e., 
antibodies that will protect individuals from infection 
by the pathogen) 

• contains antigenic determinants from all the strains of the 
pathogen that cause that disease (e.g., the three strains 
of virus that cause polio); such vaccines are referred to 
as multivalent or polyvalent vaccines 

• has few (preferably, no) side effects 
• does not cause disease in the vaccinated person 

JYpes of V8ccines. Various materials are used in vaccines 
(Table 16-2). Most vaccines are made from living or dead 

'JYpes of Available Vaccines 

Tp at vaccine 

Attenuated vaccinee: The process of weakening pathogens is 
called attenuation, and the vaccines are ll!lf'emld to as atten
uated vaccines. Most live vaccines are avirulent (nonpatho
genic) mutant strains of pathogens that have been derived 
from the virulent (pathogenic) organisms; this Is accom
plished by growing them for many generations under various 
conditions or by exposing them to mutagenic chemicals or 
radiation. Attenuated vaccines should not be administered 
to immunosuppressed individuals because even weakened 
pathogens could cause diaease in these persona. 

Inactivated vaccines: Vaccinea made from pathogens that 
have been killed by heat or chemicals-called inactivated 
vaccines-can be produced faster and more easily, but 
they are Jess effective than live vaccines. This is because 
the antigens on the dead cells are usually less effective and 
produce a shorter period of Immunity. 

(inactiwted) pathogens or from 
certain toxins they produce. The 
use of such vaccines illusttates 
a very important and practical 
application of the principles of 
microbiology and immunology. 
In general, vaccines made from 
living organisms are most effective, 

(" 

Some vaccines 
contain weakened 
(attenuated) patho
gens, whereas 
others contain 
dead Qnactivated) 

~-pa __ th_og __ en_s_. ____ ~J 

but they must be prepared from harmless organisms that 
are antigenically closely related to the pathogens or from 
weakened (attenuated) pathogens that have been genetically 
changed so that they are no longer pathogenic. 

As microbiologists made further studies of the char
acteristics of vaccines, they found that it was practical to 
vaccinate against several diseases by combining speci.D.c 
vaccines in a single injection. For example, the diphthe
ria-tetanus-pertussis (DTaP) vaccine contains toxoids to 
prevent diphtheria and tetanus and antigenic portions of 
killed bacteria (Bordttella pertussis) to prevent whooping 
cough (pertussis). Another example is the measles-mumps
rubella (MMR) vaccine. 

According to the CDC, American children should re
ceive the following vaccines between birth and entry into 
school (http://www.cdc.gov/vaccines): 

• Hepatitis B vaccine 
• Rotavirus vaccine 
• DTaP vaccine 
• JIJzemophilus influmzae type b conjugate vaccine 
• Inactivated poliovirus vaccine 
• MMR vaccine 
• Varicella (chickenpox) vaccine 
• Influenza vaccine (yearly) 
• Pneumococcal vaccine (polyvalent against 13 serotypes) 
• Hepatitis A vaccine 
• Meningococcal vaccine 

Examples 

Attanuated viral vaccinee: Adenovirus, chicken pox (varicella), 
measles (rubeola), mumps, German measles (rubella), polio 
(oral Sabin vaccine}, rotavirus, smallpox. yellow fever 

Attenuated bacterial vaccines: BCG (for protection against 
TB), cholera, tularemia, typhoid fever (oral vaccine) 

Inactivated viruses or viral antigens: Hepatitis A, influenza, 
Japanese encephalitis, other (EEE, WEE, Russian) encepha
litis vaccines, polio (subcutaneous Salk vaccine), rabies 

Inactivated bacterial vaccines: Anthrax, cholera, pertussis, 
plague, typhoid fever (subcutaneous vaccine), Q fever 
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~pes of Available Vaccines {continued) 

Type of Yacclne 

Subunit vaccines: A subunit vaccine (or acellular vaccine) is 
one that uses antigenic (antibody-stimulating) portions of 
a pathogen, rather than using the whole pathogen. For ex
ample, a vaccine containing pili of Neisseria gonOfl'hoeae 
could theoretically stimulate the body to produce antibodies 
that would attach toN. gonorrhoeae pill, thus preventing the 
bacteria from adheffng to cells. If N. gonorrhoeae cells can
not adhere to cells that line the urethra, they cannot cause 
urethritis. The material that is used to protect health care 
workers and others from hepatitis caused by HBV is being 
produced by genetically engineered yeasts. The genes that 
code for hepatitis B surface protein were introduced into 
yeast cells, which then produced large quantities of that pro
tein. The proteins are then injected into people. Antibodies 
against the protein are produced In their bodies, and these 
antibodies seNe to protect the people from HBV hepatitis. 

ConJugate vaccine&: Successful conjugate vaccines have 
been made by conjugating bacterial capsular antigens 
{which by themselves are not very antigenic) to molecules 
that stimulate the immune system to produce antibodies 
against the less antigenic capsular antigens. 

Toxoid vaccinee: Atoxoid is an exotoxin that has been inac
tivated (made nontoxic) by heat or chemicals. Toxoids can 
be injected safely to stimulate the production of antibodies 
that are capable of neutralizing the exotoxins of pathogens, 
such as those that cause tetanus, botulism, and diphthe
ria. Antibodies that neutralize toxins are called antitoxins, 
and a serum containing such antitoxins Is refened to as an 
antiserum. 

DNA vaccinee: Currently, DNA vaccines or gene vaccines 
are only experimental in humans. A particular gene from a 
pathogen is inserted into plasmids, and the plasmids are 
then injected into skin or muscle tissue. Inside host cells, 
the genes direct the synthesis of a particular microbial 
protein (antigen). Once the cells start churning out copies 
of the protein, the body then produces antibodies directed 
against the protein, and these antibodies protect the person 
from Infection with the pathogen. 

Autogenous vaccines: An autogenous vaccine Is one that 
has been prepared from bacteria Isolated from a localized 
Infection, such as a staphylococcal boll. The pathogens are 
killed and then injected into the same person to induce pro
duction of more antibodies. 

Examples 

Anthrax, hepatitis B, whooping cough 

Hlb (for protection against H. /nfluenzae type b), meningococ
cal meningitis (Neisseria mentngltldls serogroup C), pneu
mococcal pneumonia 

Diphtheria and tstanua: Commercial antisera containing 
antitoxins are used to treat diseases, such as tetanus and 
botulism. Such antisera are also used in certain types of 
laboratory tests, known as lOPs. 

Four veterinary DNA vaccines have been approved for use in 
animals, including a West Nile virus vaccine for horses. Clin
ical trials for DNA vaccines are currently in progress forM. 
tuben::ulosis, malaria, Zika virus, among others. 

BCQ, Bacillus Calrnet:te-Ou61fn; EEE, Eastem equine encephalomyelitis; HBV, hepatltla B virus; IDPa, lmmunodlagnostfc procedurea; lB, tubercula· 
sis; WEE, Western equine encephalomyelitis. 

Many additional vaccines are available for use when 
needed. They include vaccines for protection against ad
enovirus, anthrax, cervical cancer (human papillomavirus), 
cholera, HSNl, avian influenza, Japanese encephalitis, 
plague, rabies, small~ TB, typhoid fever, yellow fever, and 
zoster. A successful wccine for colds has not been developed 
because so many different types of viruses cause colds. 
Maint2ining a m.ccessful vaccine for influenza is difficult 
because influenza viruses frequently change their surface 
antigens-a phenomenon known as antigenic variation. 

How Vaccines Work. Vaccines stimulate the recipient's 
immune system to produce protective antibodies. The 
prote<:tive antibodies or memory cells produced in response 
to the vaccine then remain in the recipient's body to "do 
battle with" a particular pathogen, should that pathogen 
enter the recipient's body at some time in the future. 

For example, when a person receives tetanus toxoid 
(an altered form of the to:rin, tetanospasmin), protective 
antibodies referred to as antitoxins are produced and re
main in the person~ body. Should CIMt:ridium tmmi enter 
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SOMETHING 
TO THINK 
ABOUT 
"In some surprising ways, we are 
In danger of becoming the victims 

of our own success. As our coli~ 
tlve memory of lnfecllous diseases like 
whooping cough and polio fades, the 
rare complications from vaccination loom 
large. Because of concerns about such 

compllcallons, some parents ara choosing not to have 
their children appropriately Immunized. This poses a 
significant threat to the public health, because the mi
crobes that cause the diseases are still very much with 
us. Wrth the appearance of a large number of suscep
tible people again, we can expect to see the return of 
diseases we thought conquered." (From Needham C, 
et al.lntimate Sttangets: Unseen Life on Estth. W&sh
ington, DC: ASM Press; 2000.) Obviously, this quote is 
as true today as when it was published in 2000. 

Further complicating the fight against preventable 
disease was a 1997 report published in The Lancet, 
an influential British medical journal, that suggested 
a link between autism and a compound in vaccines 
called thimerosal. Thimerosal was used as a preserva
tive to extend the stability of the vaccine. This started 
an antivaccine campaign that continues to this day. 
Numerous large-scale studies were conducted by 
the CDC and the World Health Organization and they 
concluded that there was no evidence that vaccines 
caused autism. However, to be on the safe side, most 
vaccine manufacturers removed thimerosal from their 
products. The Lancet paper was eventually retracted, 
and the author was stripped of his medical license. 
Nevertheless, the damage was done and numerous 
high-profile celebrities took up the antivaccine banner. 
Researchers now link falling immunization rates to 
recent increases in vaccine-preventable diseases. In 
2010, California recorded over 9,000 cases of whoop
ing cough, many more than had been seen since 
vaccination against the disease was initiated in the 
1940s. Ten infants too young to be vaccinated died of 
whooping cough during the outbreak. Most recently, 
an outbreak of measles in Minnesota has been linked 
to reluctance on the part of Somali immigrants to have 
their children vaccinated. Over 60 cases have been 
recorded in 2017, with the majority of cases occurring 
in unvaccinated or incompletely vaccinated children. 

the person's body at some time in the future and start to 
produce tetanospasmin, the antitoxins are there to attach 
to and neutralize the tmin. 

Some vaccines stimulate the body to produce protective 
antibodies that are directed against swface antigens. When 

the pathogen enters the person's body, the antibodies attach 
to the surface antigens. This prevents the pathogen from 
adhering to host cells. In the case of viruses, if they are 
unable to attach, they are unable to enter the cell and are 
thus unable to multiply and cause cell destruction. Anti
bodies produced in response to molecules on the surf.lce of 
bacterial fimbriae would adhere to the fimbriae, preventing 
the bacteria from attaching to tissues and, thus, preventing 
the bacteria from causing disease. 

In some cases, protective antibodies attached to pathogens' 
surface antigens act as opsonins (discussed in Chapter 15), 
enabling phagocytes to attach to the pathogens. Once at
t2ched to a pathogen, the phagocyte can ingest and digest 
it. In other cases, attachment of protective antibodies to 
surface antigens activates the complement cascade, with 
the end result being lysis of the pathogen. 

Passive Acquired lmmunttr 
Passive acquired immunity differs from active acquired 
immunity, in that antibodies formed in one person are 
transferred to another to protect 
the latter from infection. Thus, In passive acquired 
in passive acquired immunity, a Immunity, a person 
person receives antibodies, rather receives antibodies, 
than producing them. Because the rather than produc-

person receiving the antibodies ing them. This can 
occur naturally or 

did not actively produce them, artificially. 
the immunity is temporary, lasting ..__ - -' 
only about 3 to 6 weeks. The antibodies of passive acquired 
immunity may be transferred naturally or artificially. 

In natural passive acquired immunity, small antibodies 
(such as inununoglobulin G [IgG], which is described 
later in this chapter) present in the motheri blood cross 
the placenta to reach the fetus while it is in the uterus 
(in utero). Also, colostrum, the thin, milky fluid secreted 
by mammary glands a few days before and after delivery, 
contains maternal antibodies to protect the infant during 
the first months of life. 

Artificial passive acquired 
immunity is accomplished by 
transferring antibodies from an 
immune person to a susceptible 
person. Mter a patient has been 
exposed to a disease, the length 
of the incubation period usually 
does not allow sufficient time for 
postexposure vaccination to be 
an effective preventive measure. 

A fetus receiving 
maternal antibod
ies in utero and 
an infant receiving 
maternal antibodies 
in colostrum are 
examples of natural 
passive acquired 
immunity. ..__ ___ _. 

This is because a span of about 2 weeks is needed before 
sufficient antibodies are funned to protect the exposed 
person. To provide temporary protection in these situations, 
the patient is given human gamma globulin or "pooled" 
immune serum globulin (ISG); that is, antibodies taken 
from the blood of many immune people. In this manner, 
the patient receives some antibodies to all of the diseases 
to which the donors are immune. The ISG may be given 
to provide temporary protection against measles, mumps, 
polio, diphtheria, and hepatitis in people, especially infants, 



1 who are not immune and have 
been exposed to these diseases. 

Hyperimmune serum globulin 
(or specific immune globulin) has 
been prepared from the serum 

... _______ . .) of persons with high antibody 

levels (titer) against certllin diseases. For example, hep
atitis B immune globulin is given to protect those who 
have been, or are apt to be, exposed to hepatitis B virus; 
tetanus immune globulin is used to prevent tetanus in 
nonimmunized patients with deep, dirty wounds; and rabies 
immune globulin may be given to prevent rabies after a 
person is bitten by a rabid animal. Other examples include 
chickenpox immune globulin, measles immune globulin, 
penussis immune globulin, poliomyelitis immune globulin, 
and zoster immune globulin. In potentially lethal cases 
of botulism, antitoxin antibodies are used to neutralize 
the toxic effects of the botulinum toxin. Remember that 
passive acquired immunity is always temporary because 
the antibodies are not actively produced by the B cells of 
the protected person. 

CELLS OF THE IMMUNE SYSTEM 

As stated earlier, the immune system involves very com
plex interactions among many different types of cells and 
cellular secretions. The major cell types that participate in 
immune responses are as follows: 

• T lymphocytes (T cells) 
• B lymphocytes (B cells) 
• NK cells (a category oflymphocytes) 
• Macroph2ges and dendritic cells (DCs) 

DCs are similar in form and function to macrophages. 
They are named for their long thin cytoplasmic projec
tions called dendrites. DCs are present in tissues that are 
in contact with the external environment, such as skin and 
the linings of the nose, lungs, stomach, and intestines. Like 
macrophages, they process ingested antigens and display 
antigenic determinants on their surface. Once activated, they 
migrate to lymph nodes where they interact with T cells. 
Thus, like macroph2ges, they serve as antigen-presenting 
cells (for more detail, see Table 16-3). 

Mechanisms by Which T-Dependent and T-lndependent Antigens Are Processed 
by the Immune System 

T-lndependent Antigen 

Processing ofT-independent antigens is initiated when an 
appropriate B cell makes physical contact with the free anti
genic detenninant ~.e., an antigenic detenninant not bound 
to a MHC molecule"). 

The activated B cell next undergoes extensive cell division, 
producing a clone of identical B cells. 

.1, 
Some of the members of the newly formed clone mature into 

antibody-producing plasma cells, whereas others become 
memory cells (Fig. 16-3). 

T-Dependent Anlgen 

After invasion of the body, an antigen (e.g., a bacterial eel~ is 
ingested and digested by a macrophage or DC. 

J. 
Within the macrophage or DC, antigenic detennlnants of the 

bacterial cell (referred to as APs) attach to molecules called 
MHC molecules . 

The combined AP-MHC molecules are then displayed on the 
surface of the macrophage or DC; at this point, the macro
phage or DC is referred to as an APC. 

J. 
AT H cell attaches to one of the AP-MHC molecules, divides, 

and Msends our· (secretes) chemical signals (cytokines) 
(Fig. 16-4). (Note that T H cells assist in the production of an
tibodies, but do not manufacture antibodies themselves.) 

J. 
When the chemical signals reach a B cell that is capable of rec

ognizing that particular signal, the activated B cell divides, 
producing a clone of Identical B cells. 

J. 
Some of the membBI'S of the newly formed clone mature into 

antibody-producing plasma cells. Antibodies are expelled 
rapidly for several days until the plasma cell dies. Each plasma 
cell makes only one type of antibody that will bind with the 
antigenic determinant 1hat activated the B cell and stimulated 
production of 1hat antibody. Members of the clone that do not 
become plasma cells, and some of the activated T cells, re
main In the body as memory cells, able to respond very quickly I 

\·---------------------------------------------sh_ou __ ld_th_e_an __ H_oe_n_en __ t~ __ the __ b_ody __ ao __ a_ln_at __ a_mt_~ __ dme __ . ____ ~J 
"MHC molecules BJ"8 cell surface molecules that play roles In antigen pruent/lllon and rejection af foreign tissue transplants. 
APs, antigenic peptldes; APC, antlgan-praslln1fng cell; DC, dendritic cell; MHC, major hls1ocompatlbllhy complex. 
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Figura 18-3. Praceaing of T-indapandent antigens (for 
datails,see Table 18-3). (Redrawn from Cohen BJ. Memmler's 
The Human Body in HfJIIlth snd DiS611S9. 11th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2009.) 

Figura 18-4. Digitally colortzed ecannlng electron micro
graph ehowlng dendrttlc cells {green) Interacting with T 
cella fplnk). (Provided by Victor Segura Ibarra, Rita Serda, and 
the National Cancer Institute.) 

The cells involved in immune responses originate in bone 
marrow, from which most blood cells develop. Three lines 
oflymphocytes-B lymphocytes (B cells), T lymphocytes 
(f cells), and NK. cells---are derived from lymphoid stem 
cells of bone marrow. 

There are three major categories ofT cells: helper 
T cells, cytotoxicT cells, and regulatoryT cells. Helper 
T cells are also lrnown as T-helper cells, T H cells, and 
CD4+ cells. The term CD4+ cells refers to the fact that 
these cells possess on their surface an antigen designated as 
CD4. The primary function ofhelperT cells is secretion 
of cytokines. T H 1 cells and T H2 cells are subcategories of 
helper T cells. Cytolrines secreted by T H 1 cells (referred 
to as type 1 cytokines) support cell-mediated immune 
responses (described later in this chapter), involving 
macrophages, cytotoxic T cells, and NK. cells. Cytokines 
secreted by T H2 cells (referred 
to as type 2 cytokines) support 
humoral immune responses 
(described later in this chapter) 
by inducing B-cell activation 
and differentiation of activated 
B cells into plasma cells. 

The three major 
types of T cells are 
helper T cells, cy
totoxic T cells, and 
regulatory T cells. , ..___ --' 

Cytotoxic T cells are also known as T cytotoxic cells, 
T c cells, and Cos• cells. The term Cos• cells refers to 
the fact that these cells possess on their swface an antigen 
designated as CDS. The primary function of cytotoxic T 
cells is to destroy vitally infected host cells, foreign cells, 
and tumor cells. 

Regulatory T cells serve as a brake on the immune 
response to infection. Regulatory T cells include more 
than one cell type and have multiple functions, includ
ing the downregulation of the immune response once 
an infection has been contained, and they also appear 
to function in the capacity of preventing autoimmune 
diseases. The majority of regulatory T cells have the 
CD4 + antigen, but some contain the CDS+ antigen on 
their cell surface. 

STUDY AID 
Sorting Out the -Kines 

Various types of cells within 
the human body, including cells of the 
immune system, communicate with each 
other. They do so by means of chemical 
messages-proteins known as cytokines. If the cyto
kines are chemotactic agents, attracting leukocytes 
to areas where they are needed, they are referred to 
as chemokines. {An animated overview of the im-
mune response can be found on iloint.) 



WHERE DO IMMUNE RESPONSES OCCUR? 

Although it encompasses the whole body, the lymphatic 
system is the site and source of most immune activity. 
Immune responses to antigens in the blood are usually 
initiated in the spleen, whereas responses to microbes and 
other antigens in tissues are generated in lymph nodes 
located near the affected area. Antigens entering the body 
through mucosal surfaces (e.g., after inhalation or ingestion) 
activate immune responses in mucosa-associated lymphoid 
tissues. For example, immune responses to intranasal and 
inhaled antigens occur in the tonsils and adenoids. Ingested 
antigens enter specialized epithelial cells called microfold or 
M cells, which then transport the antigens to Peyer patches 
in the intestinal mucosa, where the immune responses are 
..- - , initiated. All of the various types 

of cells (macrophages, B cells, 
T cells, etc.) that collaborate to 
produce immune responses are 
present at these sites (spleen, 
lymph nodes, tonsils, adenoids, 
and Peyer patches). 

HUMORAL IMMUNITY 

In humoral immunity, special glycoproteins (molecules 
composed of carbohydrate and protein) called antibodies 
are produced by B cells in response to antigens. In many 
cases, these antibodies are capable of recognizing, binding 
to, and inactivating or destroying specific pathogens. 

A Closer Look at Antigens 
Most antigens are foreign organic substances that are large 
enough to stimulate the production of antibodies; in other 
words, an antigen generates antibody production-it is 
an antJbody-gmerating substance. Substances capable of 
stimulating the production of antibodies are said to be 

antigenic or immunogenic. An-

l 
tigens may be proteins of more 
than 10,000 Da11 molecular weight, 
polpaocharides larger than 60,000 

________ .) Da, large molecules of DNA or 
RNA, or any combination of 

biochemical molecules (e.g., glycoproteins,lipoproteins, 
and nucleoproteins) that are cellular components of either 
microorganisms or macroorganisms (e.g., helminths). 
Foreign proteins are the best antigens. 

A bacterial cell has many molecules on its surface capable 
of stimulating the production of antibodies; these individual 
molecules or antigenic sites are known as antigenic deter
minants (or ~topes). A bacterial cell could be described as 

~The term dalton is a unit of mass equal tn 1112 the mass of a 
carbon-12 (12C) atom. A dalton (Da) is equal tn 1 in the atnmic 
mass scale. Daltons are used to express molecular weight. 

a mosaic of antigenic determinants. The important point 
is that, in most cases, antigens must be foreign materials 
that the human body does not recognize as self antigens. 
Certainly, all invading microbes 
fall into this category. Some small 
molecules called haptens may act 
as antigens only if they are coupled 
with a large carrier molecule such 
as a protein. Then, the antibodies 
fanned against the antigenic 
determinant(s) of the hapten may '
combine with the hapten mole

I _, 

cules when they are not coupled with the carrier protein. 
As an example, penicillin and other low-molecular-weight 
chemical molecules may act as haptens, causing some people 
to become allergic (or hypersensitive) to them . 

Processing of Anlig•s in the Body 
For antibodies to be produced within the body, a complex 
series of events must occur, some of which are not com
pletely understood. It is known that macrophages, DCs, 
T cells, and B cells often are involved in a cooperative 
effort. (The processing of antigens within the body is 
actually far more complex than the abbreviated explana
tion that follows.) 

T-dependent antigens. The majority of antigens are 
referred to as T-dtpmdmt antigens f .. , 

because T cells (specifically, T H cells) 
are involved in their processing. In 
other words, processing of these 
antigens is depem/ent on T cells. 
The processing ofT-dependent 
antigens also involves D12ctophages 
(or DCs) and B cells. 

T-independent antigens. Other 
antigens are known as T-inJepmJmt 
tmtigens, the processing of which 
requires only B cells. In other 
words, the processing occurs 

.. , 

independendy ofT cells (see ...... _______ ..: 

Fig.16-3). T-independent antigens 
are large polymeric molecules (usually polysaccharides) 
containing repeating antigenic determinants; examples 
include the lipopolysaccluuide found in the cell walls of 
Gram-negative bacteria, bacterial Bagella, and bacterial 
capsules. 

Table 16-3 summarizes the processing ofT-independent 
• -... and T-dependent antigens. Note 

I 
that the processing of either cate-
gory of antigen-T-independent 
or T-dependent-results in B cells 
developing into plasma cells that 

--------"' are capable of seaeting antibodies. 
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The initial response 
to an antigen is 
called the primary 
response, whereas 
a subsequent re
sponse to the same 
antigen is referred to 
as the secondary re
sponse, anamnestic 

The initial immune response 
to a particular antigen is called 
the primary response. In the 
primary response to an antigen, 
it takes about 10 to 14 days for 
antibodies to be produced. When 
the antigen is used up, the num
ber of antibodies in the blood 
declines as the plasma cells die. 

response, or mem- Other antigen-stimulated B cells 
ory response. __J become memory cells, which are 

small lymphocytes that can be 
stimulated to rapidly produce large quantities of antibodies 
when later exposed to the same antigens. This increased 
production of antibodies after the second exposure to 
the antigen (e.g., a booster shot) is called the secondary 
response, tl7lll'flmestic response, or memory resprmse. A second 
booster shot of antigen many months later causes the an
tibody concentration to exceed the level of the secondary 
response. This is the reason why booster shots are given to 
protect against certain pathogens that one might encounter 
throughout lire, such as the bacterium, C. teUmi (the cause 
of tetanus). In addition to memory B cells, memory T cells 
also contribute to immunologic memory. 

STUDY AID 
Immunologic Memory 

During the processing of both 
T-dependent and 
T-independent antigens, 
memory cells are produced, 
in addition to antibody-secreting plasma cells. Mem
ory cells are B cells and T cells that are primed to 
respond to a given antigen the next time that the 
antigen enters the body. This response is referred to 
as the secondary response, anamnestic response, or 
memory response. It occurs very rapidly and results 
in the production of large quantities of lgG antibodies 
directed against the antigen. Booster shots are given 
to trigger the secondary response. 

A Closer Look at Antibodies 

Humoral immunity (or AMI) involves the production 
of antibodies, as opposed to CMI (discussed later in this 
chapter), which does not involve antibody production. An
tibodies are proteins produced by lymphocytes in response 
to the presence of an antigen. (As previously described, the 
antibody-producing cells are a specific type of lymphocyte 
called B lymphocytes [orB cells], which usually work in 
coordination with T lymphocytes [T cells] and macrophages 
or DCs.) A bacterial cell has numerous antigenic determi
nants on its cell membrane, cell wall, capsule, and flagella 

that stimulate the production of 
many different antibodies. Usually, 
an antibody is specific in that it 
will recognize and bind to only 
the antigenic detenninant that 

(' .... 
Antibodies are usu-

1 

ally very specific, 
binding only with the 
antigenic determi
nant that stimulated 

stimulated its production. Exam- ttleir production. 
pie: Antibodies produced against .... _______ } 

molecules located on bacterial fimbriae can recognize and 
bind to only those particular molecules. Occasionally, how
ever, an antibody will bind to an antigenic determinant that 
is similar, but not identical, in structure to the antigenic 
determinant that stimulated its production; in this case, it 
is referred to as a cross-reacting antibody. 

All antibodies are in a category of proteins called im
munoglobulins-globular glycoproteins in the blood that 
participate in immune reactions. The term antibodies is used 
to refer to immunoglobulins with particular specificity for 
an antigen. In addition to being 
found in blood, immunoglobulins 
are found in lymph, tears, saliva, and 
colostrum (Fig.16-5).Antibodies 
found in the blood are called hu
moral or circulating antibodies. As 
previously mentioned, antibodies 

An antibody is an 
immunoglobulin 
having particular 
specificity for an 
antigen. 

I 
'-- _ , 

that provide protection against infectious diseases are called 
protective antibodies. 

The amount and type of antibodies produced by a given 
antigenic stimulation depend on the nature of the antigen, 
the site of antigenic stimulus, the amount of antigen, and 
the number of times the person is exposed to the antigen. 
After the initial exposure to an antigen (such as a vaccine), 
there is a delayed primary response in the production of 
antibodies. During this lag phase, the antigen is processed 
by cells of the immune system. As previously mentioned, 
it takes about 1 0 to 14 days for antibodies to be produced. 

AntlbodJ Structura 
As previously stated, antibodies belong to a category of 
glycoproteins called immunoglobulins. All antibodies 
are immunoglobulins, but not all immunoglobulins are 

\ 
I 
l ' 

TeBrS~ 

Saliva~\ 

Mucous membranes ~ \ ~ 
Antibodies 

....,..:;.,----=3 f 
--.-:--- Blood plasma~ 

Figure t 8-6. Body fluids and sll88 where antibodies are 
found. 
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Antigen-binding 

~re 

0 Variable regione of light 
and heavy cltalna 

0 Constant regions of light 
and heavy cllalns 

Figure 11-e. Basic structure of a monomeric Immunoglob
ulin molecule. This molecule contains two light chains, two 
heavy chains, a fragment crystallizable (Fe) region, and two 
antigen-binding sites. 

antibodies. (However, to avoid any confusion, the terms 
are used synonymously in this book:.) Antibodies are pro
duced by plasma cells in response to stimulation ofB cells 
by foreign antigens. 

The basic structure of an immunoglobulin molecule 
resembles the letter Y (Fig. 16-6). It consists of two identical 
light polypeptide chains (located at the top of theY), two 
identical heavy polypeptide chains, two antigen-binding 
sites (located at the very top of the Y), and a fragment 
crystallizable (F c) region (located at the base of theY). In 
this basic form, the molecule is referred to as a monomer. 
The light chains, which contain fewer amino acids than 
the heavy chains, are shorter and lighter in weight than 
the heavy chains. The chains are connected to each other 
by disulfide (-S-S-) bonds. The monomer is bivalent in 
that it has two sites (called amigen-bmdmg situ) that can 
bind specifically to the antigenic 
determinant that stimulated 
production of that anti.body.c 
The amino acid sequence within 
the variable regions of heavy and 
light chains enables the antibody 
molecule to bind to a particular 
antigenic determinant. The Fe 
region enables the molecule to 
bind to cells (e.g., neutrophils, 

A monomer resem
bles the letter Y. 
It consists of two 
heavy chains, two 
light chains, two 
antigen-binding 
sites, and an Fe 
region. ...__ _, 

macrophages, basophils, and mast cells) that possess surface 
receptors able to recognize various sites on the Fe region. 

"'tis important to note that the two antigen-binding sites can 
attach only to copies of the antigenic determinant that stimulated 
production of that antibody. 

Studies of the gamma globu- ' The five immune- "' 
lin component of human blood globulin classes are 
have revealed that five classes lgA, lgD, lgE, lgG, 
(or isotypes) of immunoglobulins and lgM. 
exist, designated IgA, IgD, IgE, "- - ' 
IgG, and IgM. (Ig stands for immunoglobulin.) IgA and 
IgG have subclasses. The amino acid sequence within the 
constant regions of heavy and light chains varies from 
one immunoglobulin class to another. Information about 
the various classes of immunoglobulins is presented in 
Table 16-4 and Figure 16-7. 

Antigen-Antibody Complexes 

When an antibody combines with an antigen, an antigen
antibody complex (or Ag-Ab complex, or immune cumpkx) 
is funned. Antigen-antibody , 
complexes are capable of activat- The combination of 
ing the complement cascade (by an antibody and an 
the classic pathway), resulting in, antigen is called an 
among other effects, the activation antigen-antibody 
of leukocytes, lysis of bacterial complex, Ag-Ab 
cells, and increased phagocytosis complex, or immune 
as a result of opsonization. Thus, ,_complex. 
acute extracellular bacterial infec-
tions are controlled almost entirely by AMI. There is also a 
"dark side" to immune complexes, which will be discussed 
in section "Type ill Hypersensitivity Reactions." 

How Antibodies Protect Us From 
Pathogens and Infectious Diseases 
As previously mentioned, once they are produced, an
tibodies are very specific. Usually, a given antibody can 
recognize and bind to only the antigenic determinant that 
stimulated its production. Table 16-5 illustrates several of 
the ways in which antigen-antibody interactions protect 
us from pathogens and infectious diseases. Some examples 
are given as follows: 

Eumple1 
A pathogen has entered a person's body and has started 
producing a twin. That person's inunune system responds by 
producing antibodies against the toxin; such antibodies are 
called antitoxins. Once produced, the antitoxins recognize, 
bind to, and neutralize the toxin molecules, so that they 
can no longer cause hann (i.e., they are no longer toxic). 

Example2 
Recall from Chapter 14 that viruses can bind only to the 
host cells that bear the appropriate receptor on their sur
face. The molecule on the virus that recognizes and binds 
to the receptor is called an adhesin. A person has received 
a vaccine containing an attenuated virus (a virus that is no 
longer infectious). The vaccine stimulates that person's 
immune system to produce antibodies against the adhesin 
molecules. At some later date, should that same virus enter 
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-------------------------------------------------------------------------------
' ' 

IG Claea 

lgA 

lgD 

lgE 

lgG 

lgM 

Immunoglobulin Classes 

Molecular Weight (Da) 

160,000-385,000; can 
exist as a monomer 
or as a dimer (two 
monomers held 
together by a short 
protein chain called 
a J-dlaln rJ" for 
Joining]) 

180,Q00-184,000 
(a monomer) 

188,Q00-200,000 
(a monomer) 

146,ooo-170,000 
(a monomer; the 
lightest of the 
immunoglobulins) 

900,ooo-970,000 (a 
pentamer, consisting 
of tlve monomers held 
together by a J-chaln; 
the largest of the 
Immunoglobulins) 

Percentage of Totallg in 
Serum (Approximate) 

10-20 

<1 

<1 

70-85 (the most abundant 
immunoglobulin type in 
serum) 

10 

Functions 

The predominant immunoglobulin class in saliva, tears, 
seminal fluid, colostrum, breast milk, and mucous 
secretions of the nose, lungs, and gastrointestinal 
tract. In secretions, lgA is primarily pl'8S8nt as secr&
tory lgA (slgA), a dimer that contains an additional 
protein called 1he seeretory component. The secretory 
component apparently facilitates the transport of 
algA Into secretions and may serve to protect the lgA 
molecule from enzymatic damage within the gastroin
testinal tract. Protects external openings and mucous 
membranes from the attachment, colonization, and 
invasion of pathogens. lgA in colostrum and breast 
milk helps protect nursing newborns. In the intestine, 
JgA attaches to viruses, bacteria, and protozoal para
sites, such as Entamoeba hlstolytlca, and prevents 1he 
pathogens from adhering to mucosal surfaces, thus 
prsventlng Invasion. 

Found In large quantities on the surface of B cells. Its 
function Is unknown, but It Is possible that the lgD 
molecules on the surface of a B cell serve as antigen 
receptors and determine which specific antigen that 
particular B cell is able to respond to. 

In atopic individuals, lgE is produced in response to 
allergens. Found on the surfaces of basophils and 
mast cells. Plays a major role in allergic responses. 
(Basophils are granulocytes that circulate in the 
blood. Mast cells are morphologically very similar to 
basophlls, but they are found In tissues-especially 
tissues that surround the eyes, nose, respiratory 
tract, and gastrointestinal tract.) 

The only ciB88 of immunoglobulin that can cross the 
placenta. Maternal lgG antibodies that cross the 
placenta help protect the newborn during its first 
months of life. Antigen-bound lgG can bind to and 
activate complement, a process known as "com
plement fixation." lgG molecules can bind to a wide 
range of cellular receptors to promote phagocytosis 
and antibody-dependent cytotoxicity. AliJ a result of 
memory cells, high levels of lgG are produced very 
rapidly (within 1-3 days) during the secondary re
sponse to antigens (described earlier). lgG antibodies 
ere long-lived, sometimes persisting for the lifetime 
of the individual. 

Because a pentamer has 1 0 antigen-binding sites, lgM 
can potentially bind to 1 0 identical antigenic deter
minants. Theoretically, an lgM molecule could bind 
to 1 0 separate virus particles, thus preventing the 
viroses from attaching to target cells. lgM antibodies 
are the first antibodies formed In the primary re
sponse to antigens (including pathogens), although 
lgG antibodies later become the most prevalent 
class. lgM antibodies are relatively short-lived, re
maining in the bloodstream for only a few months. 
Because of its large size, lgM does not cross the 
placenta. Provides protection In the earliest stages 
of Infection. Bactericidal to Gram-negative bacteria. 
lgM Is the most eHiclent complement-flxlng (complej 
ment-binding) immunoglobulin. 
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Figure 11·7. 81ructures or 1he different classes of antibodies. lgG, lgD, lgE, and nonsecretory lgA. are monomers. Secretory 
lgA Is a dlmer (composed of two monomers), and lgM Is a pentamer (composed of flve monomers). J chains ("J" for joining) are 
short protein chains that bind monomers together. The secretory piece (or component) protects lgA molecules from proteolytic 
(protein-splitting) enzymes and facilitates transport of lgA molecules through membranes. lgA, immunoglobulin A; lgD, immunoglob
ulin D; lgE, immunoglobulin E; lgG, immunoglobulin G. 

Antigen-Antibody Interactions 
and Their Effects 

Interaction 

Prevention of 
attachment 

Clumping of 
antigen 

Neub'alization of 
toxins 

Help with 
phagocytosis 

Activation of 
complement 

AcUvatlon of NK 
cells 

A pathogen coated with antibody Is 
prevented from attaching to a cell. 

-

Antibodies link antigens together, form
ing a cluster that phagocytes can 
ingest. 

Antibodies bind to toxin molecules to 
p19vent them from damaging cells. 

Phagocytes cen attach mol8 easily to an
tigens that 818 coated with antibody. 

When complement attaches to antibody 
on a cell surface, a series of reactions 
begins that activates complement to 
destroy cells. 

NK cells respond to antibody adhering to 
a cell surface and attack the cell. 

Source: Provided by Cohen BJ. Memmler's The Human Body In Health 
and DiSfHJSfJ. 111h ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2009. 

the person 1 body, those antibodies will adhere to the adhesin 
molecules, making it impossible for the virus to bind to 
host cells. If the virus is unable to bind to the appropriate 
host cell, it is unable to enter the cell, and the person is 
protected from infection with that virus. 

E:umple3 
A person is infected with a fimbriated bacterium. (Recall that 
fimbriae enable bacteria to attach to host cells, which, with 
certain bacterial pathogens, is necessary for the bacteria to 
cause disease.) That person1 immune system responds by 
producing antibodies against the fimbriae. The antibodies 
bind to the fimbriae, making it impossible for the bacterial 
cells to bind to tissue. If the bacteria are unable to attach 
to tissue, they are unable to cause disease. 

Example4 
A person is infected with an encapsulated bacterium. (Recall 
that bacterial capsules serve an antiphagocytic function, 
meaning that phagocytic white blood cells are unable to 
phagocytize encapsulated bacteria. The reason for this is 
that the phagocytes have no receptors on their surface that 
recognize the polysaccharide molecules. If the pha.gocyte is 
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Among ather tunc- unable to attach tn the encapsulated 
tions, antibodies can bacterium, it is unable to phago-
neutralize toxins, cytize it.) That person's immune 
prevent attachment system responds by producing 
of pathogens to host antibodies against the capsulu-
cells, and promote polysaccharide molecules. The 
phagocytosis. antibodies attach to the capsule. 

... _______ ; This makes it possible for the 

ph.agocytes to bind to the encapsulated bacteria. Why? 
Because the phagocytes have receptors on their surface 
that can recognize and bind to antibody molecules. 

Monoclonal Antibodies 
Purified antibodies that are directed against specific anti
gens have been produced in laboratories by an innovative 
technique in which a single plasma cell that produces only 
one specific type of antibody is fused with a rapidly divid
ing tumor cell. The new long-lived, antibody-producing 
cell is called a hybridoma. These hybridomas u-e capable 
of producing large amounts of specific antibodies called 
monoclonal antibodies. The first monoclonal antibodies 

' were produced in 197 5; since then, 
Monoclonal anti- many uses have been found for 
bodies are produced 
by long-lived cells them. They are commonly used in 
called hybridomas. IDPs-i.mmunologic procedures 

... _______ . .~ used in laboratories to diagnose 

diseases. The first diagnostic kit containing monoclonal 
antibodies was approved for use in the United States in 
1981. Many other monoclonal antibody-based IDPs have 
been developed during the past 30+ years. Over the yeu-s, 
monoclonal antibodies have been used to treat a variety 
of diseases (see the following box). 

STUDY AID 
Examples of Diseases That 
Have Been Treated with 
Monoclonal Antibodies 

Asthma 
Breast cancer 
Cardiovascular 

disease 
Colon cancer 
Crohn disease 
Leukemia 
Lymphomas 
Macular degeneration 
Melanoma 

Multip~loma 
Multiple sclerosis 
Osteoporosis 
Psoriatic arthritis 
Psoriasis 
Rheumatoid arthritis 
Several autoimmune 

disorders 
Transplant rejection 

CELL-MEDIATED IMMUNITY 

Antibodies are unable to enter cells, including cells containing 
intracellular pathogens. Fortunately, there is an arm of the 
immune system capable of controlling chronic infections 

by intracellular pathogens (e.g., r Cell-mediated 
bacteria, protozoa, fungi, and 
viruses). It is called CMI-a com
plex system of interactions among 
many types of cells and cellular 
secretions (cytokines). (Only a brief 
overview of CMI can be provided 
here.) Included among the various 

immune responses 
involve many types 
of cells and cyto
kines; antibodies 
are rarely, if ever, 
involved. , 

"'-------~ 
cells that pu-ticipate in CMI are macroph.ages, DCs, T H 

cells, T c cells, NK cells, and granulocytes. Although CMI 
does not involve the production of antibodies, antibodies 
produced during humoral immunity can play a minor role 
in some cell-mediated responses. 

A typical cell-mediated cytotoxic response would involve 
the following steps: 

Step 1. A macrophage or DC engulfs and partially digests 
a pathogen. Fragments (antigenic determinants) of 
the pathogen u-e then displayed on the surface of the 
macrophage or DC (i.e., the macrophage or DC acts 
as an antigen-presenting cell). 

Step 2. A T H cell binds to one of the antigenic deter
minants being displayed on the macrophage or DC 
surface. The T H cell produces cytokines, which reach 
an effector cell of the immune system (e.g., a T c cell 
orNKcell). 

Step 3. The effector cell binds to a target cell (i.e., a 
pathogen-infected host cell displaying the same anti
genic determinant on its surface). 

Step 4. Vesicular contents of the effector cell are 
discharged. These include perforin and other pro
teins and enzymes, which literally punch holes in 
the target cell membrane. Other cytokines released 
by effector cells are tumor necrosis factor and NK 
cytotoxic factor. 

Step S. Toxins produced by the effector cells enter the 
target cell, causing disruption of DNA and organelles. 
The target cell dies. 

Both humoral and cell-mediated immune responses 
play a role in the body's defense against viral infections. In 
cytolytic viral infections (e.g., herpes infections), the viruses 
can be neutralized and destroyed by antibodies and the 
complement system when they move in body fluids from 
a lysed cell to an intact cell. When the virus is established 
within body cells, the cell-mediated immune response can 
destroy the virus-infected cells, preventing viral multipli
cation. If the virus is not completely destroyed, however, 
it may become latent in nerve ganglion cells, as in herpes 
infections (e.g., shingles). 

T c cells and NK cells kill infected host cells when 
pathogens are established inside the cells. Thus, infected 
liver cells are destroyed in hepatitis infections during the 
body's battle against the disease. The acquired immunode
ficiency syndrome (AIDS) virus (human immunodeficiency 
virus [lllV]) that targets T H cells is particulu-ly destructive 
because it destroys the very cells that would have helped fight 
the infection. The lack ofT H cells impairs both humoral 



immunity and CMI, making AIDS patients very susc 
to many opportunistic infections and malignanci~ 

Natural Klllar Galls 

NK cells are in a subpopulation oflymphocytes calle 
granular lymphocytes. Although they morpholo 
resemble lymphocytes, NK cells lack typical T
B-cell surface markers. They also differ from T ce 
B cells in other ways. For example, they do not pro: 
in response to antigen and appear not to be invo 
antigen-specific recognition. As the name implic 
cells kill target cells, including foreign cells, host c 
fected with viruses or bacteria, and tumor cells. A11 
NK cell activity is not dependent on antibodies, N 
have receptors on their surface for the F c region 
antibodies. These receptors enable the cells to attacll 

-, kill antibody-coated targc 
this is known as antibody-
dent cellular cytotoxicity 
attached to an antibody-coau:o 
target cell, the NK cell inserts 
a molecule called perforin into 
the cell membrane of the target 
cell, creating an opening (pore) 

through which cytotoxic granules called granzymes are 
injected. Although firm evidence is lacking for an immune 
surveillance system within our bodies that monitors for 
and destroys malignant cells, NK cells may participate in 
such a system. 

HYPERSENSITIVITY AND 
HYPERSENSITIVITY REACTIONS 

The term hypersmsitivit:j refers to an overly sensitive or 
overly reactive immune system. In such situations, the 

l
' immune system, in an attempt 

to protect the perso~ causes 
irritation or damage to certain 
cells and tissues in the body. 

·-------..! There are several different 
types of hypersensitivity reactions. Some types involve 
antibodies, whereas others do not. All types depend on the 
presence of antigen and T cells that are sensitized to that 

antigen. Hypersensitivity reac
tions are divided into two general 
categorie~immediate-type and 
delayed-type-depending on the 
nature of the immune reaction and 
the time required for an observable 
reaction to occur (Table 16-6). 
Immediate-type hypersensitivity 
reactions occur from within a few 
minutes to 24 hours after contact 
with a particular antigen. There 

Types of Hypersensitivity 
Reactions 

Immediate-type hwJenanaitivity raactions (occur from 
within a faw minutes to 24 hours after contact with a 
particular antigen) 

Type I hypersensitivity 
reactions 

Type II hypersensitivity 
reactions 

Type Ill hypersensitivity 
reactions 

Anaphylactic reactions (allergic 
reactions) 

Cytotoxic raactions (involve dam
age to or death of body calls) 

Immune complex reactions (dam
age to tissues and organs is 
initiated by antigen-antibody 
complexes) 

DTH reactions (usually take 24-48 hours or longer to 
manifest them1181ves) 

Type IV hypersensitivity 
reactions 

Also known as cell-mediated 
reactions; antibodies play only 
a minor role, if any; an exam
ple is a positive TB skin test 

DTH, delayed-type hypersensitivity; TB, tubert;ulosis. 

are three categories of immediate-type hypersensitivity 
reactions, referred to as type I, type IT, and type m hyper
sensitivity reactions. A delayed-type hypersensitivity (DTH) 
reaction usually takes more than 24 hours to manifest itself. 
DTH reactions are also known as type IV hypersensitivity 
reactions and cell-mediated reactions. 

Type I Hypersensitivity Reactions 

Type I bypmensitivio/ ntKtitms (also known as tmapby/aaic 
reactions) include classic allergic responses, such as hay 

Classic allergic 
responses, such 

' fever symptoms, asthma, hives, 

as hay fever and 
food allergies, are 
examples of type 
I hypersensitivity 
reactions, which 
are lmmedlat&-type 
hypersenshlvlty 
reactions. 

~-------'.) 

and gastrointestinal symptoms, 
that result from food allergies; 
allergic responses to insect stings 
and drugs; and anaphylactic shock. 
These reactions all involve IgE 
antibodies and the rdease of 
chemical mediators (especially 
histamine) from mast cells and 
basophils. 

'llle Allergic Response 
Type I immediate hypersensitivity is probably the most com
monly observed one because more 
than half the American population 
is allergic to something. People 
who are prone to allergies (atopic 
persons) produce IgE (sometimes 
called reagin) antibodies when they 
are exposed to allergens (antigens 
that cause allergic reactions). The 
IgE molecules bind to the surface 
ofbasophils and mast cells by their 

People who are 
prone to allergies 
are described as be
ing atopic. They pro
duce lgE antibodies 
when they are ex
posed to allergens 
(antigens that cause 
allergic reactions). , ,_ __.. 
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Fe regions. The type and severity of an allergic reaction 
depend on a combination of &ctors, including the nanue 
of the antigen, the amount of antigen entering the body, 
the route by which it enters, the length of time between 
exposures to the antigen, the person~ ability to produce 
IgE antibodies, and the site oflgE attachment (Fig. 16-7). 

The allergic reaction results from the presence oflfE 
antibodies bound to basophils in the blood or to mast cells in 

connective tissues-lgE antibodies 
Following 1heir that were produced in response 
production, lgE to the person~ first exposure to 
antibodies bind to the allergen. When the allergen 
the surface of ba- binds to cell-bound IgE during a 
sophils and mast subsequent exposure to the allergen, 
cells. Degranulation the sensitized cells respond by 
of the basophils and degranulation-the discharge and 
mast cells occurs outpouring of granules and their 
when allergen later irritating and damaging contents 
binds to 1hese lgE (chemical mediators) (Figs. 16-8 

~-an-tl_bod_les_. ___ J to 16-11). These mediators of the 
allergic responses include hista

mine, prostaglandins, serotonin, bradykinin, slow-reacting 
substance of anaphylaxis, leukotrienes, and chemicals that 
attract eosinophils (eosinophilotactic agents). 

STUDY AID 
Examples of Allergens 

Animal dander (e.g., cat 
dander) 

Drugs (e.g., penicillin) 

Foods (e.g., peanuts, 
shellftsh, dairy products) 

House dust (dust-mite 
feces) 

Insect venom 
Latex 
Mould spol'9s 

Pollens 

Nmu~Manflgen_}Jtt'"-~«-~•~ 
Roub> M onlly / \ ~ Frequoncy m_..,,. 
Amount of antigen ) Ability to produoe lgE antibodies 

Figure 1&-a. Factors in 1he development of type I 
hypersensitivity (allergies). 

dMast cells can be thought of as basophils that reside in tissues 
other than blood. They are most plentiful in the tissues that 
suttound the eyes, respitttory tract, and gastrointestinal ttact. 

Localized AnapllJiaxis 
Type I hypersensitivity reactions 
(anaphylactic reactions) may be 
localized or systemic. Localized 
reactions usually involve mast cell 
degranulation, whereas systemic 
reactions usually involve baso
phil degranulation. Hay fever, 
asthma, and hives are examples 
of localized anaphyl~s. 1rhe 

( 

Type I hypersensi-
tivity reactions (ana
phylactic reactions) 
may be either lo
calized or systemic. 
Systemic reactions 
tend to be more se
vel'9 than localized 
reactions. • .I '·--------

symptoms depend on how the atlergen enters the body 
and the sites of IgE attachment. If the allergen (e.g., 
pollens, dust, and fungal spores) is inhaled and deposits 
on the mucous membranes of the respiratory tract, the 
IgE antibodies that are produced attach to mast cells in 
that area. Subsequent exposure to those inhaled allergens 
allows them to bind to the attached IgE, causing mast 
cell degranulation. The released histamine initiates the 
classic symptoms of hay fever. Antihistamines function by 
binding to and blocking the sites where histamine binds. 
However, antihistamines are not as effective in treating 
asthma because the mediators of this lower respiratory 
allergy include chemical mediators in addition to hista
mine. Allergens (e.g., food and drugs) entering through the 
digestive tract can also sensitize the host, and subsequent 
exposure may result in the symptoms of food allergies 
(hives, vomiting, and diarrhea). 

Systamlc Anaphylaxis 
Systemic anaphylaxis results from the release of chemical 
mediators from basophils in the bloodstream. It occurs 
throughout the body and thus tends to be a more serious 
condition than localized anaphylaxis. It may lead to a 
severe, potentially &tal condition known as anaphylactic 
shock. Most often, the allergens involved in systemic ana
phylaxis are drugs or insect venom to which the host has 
been sensitized. Penicillin is an example of a hapten-a 
substance that must first bind to a host blood protein (a 
carrier protein) before IgE antibodies are produced. The 
IgE antibodies then bind to circulating basophils. Subse
quent injections of penicillin into the sensitized host may 
cause degranulation of the basophils and release of large 
amounts of histamine and other chemical mediators into 
the circulatory system. 

The shock reaction usually occurs immediately (within 
20 minutes) after re-exposure to the allergen. The first 
symptoms are flushing of the skin with itchings headache, 
facial swelling, and difficulty breathing, followed by &lli.ng 
blood pressure, nausea, vomitings abdominal cramps, and 
urination (caused by smooth , ,, 
muscle contractions). In many Systemic anaphy-
cases, acute respiratory distress, lactic reactions can 
unconsciousness, and death may lead to anaphylactic 
follow shortly. Swift treatment shock, which, if not 
with epinephrine (adrenaline) treated quickly and 
and antihistamine usually stops properly, can lead to 

death. 
the reaction. '--·-------" 
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<D Mast Cell Sensitization 

First exposura to antigen causes 
plasma cell to produce specific lgE 
antibodies, which attach to the 
surface of tissue mast cells and 
blood bBSOphlls. 

(_~) Binding of Allergen 

Receptor-bound lgE mclecules are 
cross-linked by antigen (allergen). 

® Mast Cell Degranulation 

The sensitized mast cells are 
stimulated to release granules 
containing histamine, leukotrienes, 
prostaglandins, and other potent 
chemical medlaiDrs. 

lgE antibodies 

Mast cell 

Plasma cell 

Exposure to 
allergen 

MaiJI cell 
degranulllllon 

Allergic 
response 

Figure 11-9. Events that occur in type I hype1'&81'1sitivity I"'NNCtions. (Redrawn from Harvey RA, et al, eds. Uppincott 
Illustrated Reviews: Microbiology. Philadelphia, PA: Lippincott Williams & Wilkins; 2001.) 

Health care professionals must take particular care to 
ask: patients whether they have any allergies or sensitivities 
before administering drugs. In particular, those people with 
allergies to penicillin and other drugs and to insect stings 
should wear MedicAlert jewelry, so that they do not receive 
improper treatment during a medical crisis. 

latex Allergy 
Health care worlcers frequently come in contact with latex 
by wearing latex gloves and using other products contain
ing latex. The National Institute for Occupational Safety 
and Health (NIOSH) has stated that "for some worlcers, 
exposures to latex may result in skin rashes; hives; :flushing; 
itching; nasal, eye, or sinus symptoms; and (rarely) shock" 
(http:/ /www.cdc.gov/niosh/docs/97 -13 5). "Reports indicate 

Figure UJ-1 0. Tranemlsalon electron micrograph allowing 
degranulation of a rat mast cell. The degranulation occurred 
under experimental conditions in a research laboratory. G, 
granule. (Provided by Blomed Ed, Round Rock, lX.} 

that from 1% to 6% of the general population and about 
8% to 12% of regularly exposed healthcare worlcers are 
sensitized to latex." Latex can trigger any of the following 
three types of reactions: 

• Irritant contact dermatitis. This is the most common 
reaction to latex products. The affected individual ex
periences dry, itchy, irritated areas on the skin, usually 
the hands. This is not a true allergy because the immune 
system is not involved. 

• Allergic c:ontact dermatitis. This results from exposure 
to chemicals added to latex during harvesting, process
ing, or manufacturing. These chemicals can cause skin 
reactions similar to those caused by poison ivy. This is a 
DTH or type N allergy. 

• Latex allergy. This is an immediate-type hypersen
sitivity that can be a more serious reaction to latex 
than irritant contact dermatitis or allergic contact 
dermatitis. Certain products in latex may cause 

Figure 18·11. Transmlaelon electron micrograph showing 
phagocytosis of rat mast cell granule• (atrows) by a rat 
eo~~lnophll. The phagocytosis occurred under experimental 
conditions in a research laboratory. (Provided by Biomed Ed, 
Round Rock, lX.) 
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sensitization. Subsequent exposure to latex can then 
trigger mild-to-severe reactions. Mild reactions include 
skin redness, hives, or itching. More severe reactions 
include respiratory symptoms (runny nose and sneez
ing), itchy eyes, scratchy throat, and asthma. Rarely, 
shoclc. may occur. Latex allergy is a systemic type I, 
IgE-mediated reaction. 

Latex allergy can be diagnosed using antibody detection 
procedures and skin testing. Once an individual becomes 

allergic to latex, special precautions 
Many health care are needed to prevent exposures. 
workers develop Certain medications may reduce 
latex allergy, neces- th all b 
sltatlng measures to e ergy symptoms, ut com-
avoid contact with plete latex avoidance, although 
latex-containing quite difficult, is the most effec-
products. tive approach. Many health care 

... _______ ; facilities maintain latex-safe areas 

for affected patients and workers. Additional information 
about the diagnosis and treatment of latex allergy can be 
found at the NIOSH website. 

Allqr Sldn Tasting and AllarvJ Shots 
Anaphylactic reactions can be prevented by avoiding known 
allergens. In some cases, skin tests (scratch tests or intra

A positive skin test 
result Is swelling 
and redness (wheal 
and flare) at the site 
that the allergen was 
introduced into the 

dermal injections of allergens) 
are used to identify the offending 
allergens. A skin test is considered 
positive if cutaneous anaphylaxis 
(i.e., swelling and redness at the 
scratch or injection site) occurs; 
this is often referred to as a "wheal skin. ... _______ ; and flare,. reaction. 

Once the offending allergen is identified, immunotherapy 
may be accomplished by injecting small doses of allergen, 

Allergy shots result 
in the production 
of lgG-blocking 
antibodies that 

-.. repeatedly, several days apart. In 
hyposensitization, circulating 
IgG antibodies are produced 
rather than IgE antibodies. In 
theory, when the patient is later 

prevent the allergen exposed in a natural manner to 
from attaching to 

the allergen, the circulating IgG 
basophil- or mast antibodies should bind with the 
cell-bound lgE. 

~-------.) allergen and block: its attachment 
to the basophil- or mast cell-bound IgE. Such circulating 
IgG molecules, produced in response to allergy shots, are 
called blocking antibodies. Immunotherapy has been used 
in patients allergic to plant allergens, insect venoms, cat 
dander, and fire ant venom. 

Type II Hypersensitivity Reactions 

Type ll hypenensitivjty re11crirms are cytotoxic reactions, 
meaning that body cells are destroyed during these re
actions. These include the cytotoxic reactions that occur 
in incompatible blood transfusions, Rh incompatibility 
reactions, and myasthenia gravis; all of these reactions 

involve IgG or IgM antibodies and complement. A typical 
type II hypersensitivity reaction might follow this sequence: 

Step 1. A particular drug binds to the surface of a body cell. 
Step 2. Antidrug antibodies then bind to the drug. 
Step 3. This initiates complement r ', 

activation on the cell surface. Type II hypersensi-

Step 4. The complement cascade tivity reactions are 
leads to lysis of the body cell. " cytotoxic reactions. ) 

'ID• Ill Hyparsansnlvtly Reactions 

Recall that immune complexes are the result of binding 
of an antibody with the antigen that stimulated its pro
duction. Earlier in this chapter, it was stated that immune 
complexes have a "dark side ... The dark side is that immune 
complexes can result in type m hypersensitivity reactions (also 
known as immune complex reactions). Examples of type ill 
hypersensitivity reactions are serum siclc.ness and certain 
autoimmune diseases (e.g., systemic lupus erythematosus 
[SLE] and rheumatoid arthritis). These reactions involve 
IgG or IgM antibodies, complement, and neutrophils. Serum 
sickness is a cross-reacting antibody immune reaction in 
which antibodies formed to globular (-----~ 
proteins in horse serum may also Type Ill hypersensl-
bind with similar proteins in the tlvlty reactions are 

patient's blood. The formation of immune complex 
reactions. these immune complexes (antigen ..... _______ ,.. 

+antibody+ complement) causes 
the symptoms of hives, fever, kidney malfunction, and joint 
lesions of serum sickness. Horse serum containing antitoxins 
is used to treat botulism. About 10% of patients receiving 
this antiserum develop serum siclc.ness . 

Certain complications (sequelae) of untreated or inade
quately treated strep throat and other Stnpt:ocrJafls pyogenes 
infections are the result of type ill hypersensitivity reactions. 
IgG and IgM antibodies produced 
in response to S. pyogenes infection 
may bind with streptococcal antigens 
(e.g., M-protein). The resultant 
immune complexes become de
posited in heart tissue, joints, or 
the glomeruli of the kidney. This 
causes inflammation at the site, 
leading to scarring and, in some 

Immune compli
cations of S. pya
genes infections 
include rheumatic 
heart, arthritis, and 
glomerulonephritis. 

\. ,) 

cases, abnormalities in or loss of function. Deposition of 
immune complexes leads to rheumatic heart in heart tissue, 
arthritis in the joints, and glomerulonephritis in the kidneys. 

Type IV Hypersensitivity Reactions 

Type IV hypenensitivity reactions are referred to as DTH or 
cell-mediated immune reactions, and are part of CMI. (Recall 
that the two major arms of the immune system are humoral 
immunity and CMI.) Type IV hypersensitivity reactions are 
called DTH reactions because they are usually observed 
24 to 48 hours or longer after exposure or contact. They 



occur in tuberculin and fungal 
skin tests, contact dermatitis, and 
transplantation rejection. DTH 
is the prime mode of defense 
against fntr~~eellular bacteria and 
fungi. DTH involves various cell 
types, including macroph.ages, 
DCs, cytotoxic T cells, and NK 
cells, but antibodies do not play 
a major role. 

A classic example of a DTH reac
tion is a positive TB skin test (also called the Mantoux skin test). c 

Tuberculin purified protein derivative (PPD), which consists 
of protein extracts prepared from Mycobaaerium tuberculosis 
cultures, is injected intradermally into a person (Fig. 16-12). 
If an "immunologic memory" of theM. tuheradosis proteins 
exists in the person's body, a DTII reaction will occur, 
producing the typical swelling and redness (wheal and 
flare) associated with a positive test result. 

The following events occur to produce the positive 
reaction: 

Step 1. Within 2 to 3 hours afu:r injection of the PPD, 
there is an influx of polymorphonuclear celts (PMNs) 
into the site. 

Step 2. This is followed by an influx oftymphocytes and 
macrophages while the PMNs disperse. 

Step 3. Within 12 to 18 hours, the area becomes red 
(erythematous) and swollen (edmultou.r). 

Step 4. The erythema (redness) and eJema (swelling) 
reach maximum intensity between 24 and 48 hours. 

Figure 18-12. Mantoux: skin test. This test is perfonned by 
injecting 0.1 ml of tuberculin or PPD intradermally and ob
serving the results 48 to 72 hours later. If the person has been 
exposed to mycobactena In the past, redness and swelling 
will occur at the InJection site; this constitutes a positive 1B 
skin test result. The diameter of induration (the palpable raised 
hardened area)-nat the area of redness-is measured, and 
the results are interpreted using standardized criteria. PPD, 
purified protein derivative; TB, tuberculosis. {Provided by Ga
brielle Benenson, Greg Knobloch, and the CDC.) 

"The Mantoux skin test is named after Charles Mantoux, the 
French physician who introduced this test in 1908. 

Step S. With time, as the swelling and redness disappear, 
the lymphocytes and macrophages disperse. 

A positive TB skin test result does not necessarily 
mean that a person has TB, although that is one possibility. 
Actually, a positive TB skin test result may indicate any of 
the following five possibilities: 

1. The person has active TB (in which case, a chest radio
graph will reveal the disease, the person will probably be 
coughing, and his or her sputum will contain acid-fast 
bacilli). 

2. The person had TB at some time in the past and recov
ered (in this case, the person should remember having 
had TB or his or her medical records will contain this 
infonnation). 

3. The person was infected with M. tuhercuitJsis at some 
time in the past, but the organisms were killed by his or 
her host defense mechanisms (even though this person 
currently harbors no live M. tuilerC'IJJ4sis cells, he or she 
will receive a 6-month. course of isoniazid because there 
is no way to differentiate possibility 3 from possibility 4). 

4. The person currently harbors live M. tflheralksis organisms 
but does not actually have TB (in this case, a 6-month 
course of isoniazid will be initiated in an attempt to kill 
any M. 'l:tlhercu/.osis cells in his or her body). 

5. The person had re<:ei:ved Bacillus 
Calmetre-Guerin (BCG) vaccine 
at some time in the past (he or 
she should remember having 
received BCG vaccine or he 
or she is from a country where 
the BCG vaccine is routinely 
administered). 

Many countries (excluding the 
I 

--' 

United States) routinely immunize their citizens against 
TB using the BCG vaccine. The BCG vaccine is prepared 
from an attenuated strain of MyrobtKterium bovis.f Although 
this vaccine is only about SO% effective in preventing TB, 
it does cause recipients to have positive TB skin test results 
for variable periods after immunization. 

lnlarfaron Gamma RalaaH Assays 
A new type of assay used to detett latent TB is based on 
the detection of interferon g-amma (IFN-'Y) produced by 
lymphocytes exposed to two specific antigens present on M. 
tuber~. Blood specimens are exposed to the antigens, 
and afu:r an overnight incubation, the presence of IFN-y 
indicates the patient has been exposed to M. tuberculosis 
in the past. The assay is more specific than the Mantoux 
skin test and can be used on people previously vaccinated 
withBCG. 

fJJCG vaccine is named for Albert Calmette and Camille Guerin, 
French bacteriologists who developed this vaccine. The vaccine 
was first tested in 1921. 
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Other Examples of D1H 
A reaction that is similar to the positive TB s1rin test occurs 
in contact dermatitis (contact hypersensitivity), after contact 
with certain metals, the catechols of poison ivy, cosmetics, 
and topical medications. The rejection of transplanted tis
sues containing foreign histologic (tissue) antigens appears 
to occur in a similar manner, except that cytokines and 
antibodies cause the rejection of the transplant 

AUTOIMMUNE DISEASES 

An autoimmune disease results when a person's immune system 
no longer recognizes certain body tissues as self and attempts 
to destroy those tissues as if they were nonself or foreign. 
This may occur with certain tissues that are not exposed to 
the immune system during fetal development. so that they 
are not recognized as self. Such tissues may include the lens 
of the eye, the brain and spinal cord, and spenn. Subsequent 
exposure to this tissue (by surgery or injury) may allow anti-

bodies (IgG or lgM) to be formed, 
An autoimmune dis- which together with complement 
ease resuHs when could cause destruction of these 
a person's Immune tissues, resulting in blindness, 
system attacks his 
or her body tissues allergic encephalitis, or sterility. 
as if they were non- It is believed that certain drugs 
self or foreign. and viruses may alter the antigens 

.J on host cells, thus inducing the 
formation of autoantibodies or sensitized T cells to react 
against these altered tissue cells. 

There are more than 80 recognized autoimmune diseases. 
It has been estimated that more than 10 million people in 
the United States suffer from these diseases. 

Autoimmune diseases can be classified as organ-specific and 
non-organ-specific. Examples of organ-specific autoimmune 
diseases are Hashimoto thyroiditis, Graves disease, and primary 
myxocdema thyrotoxicosis (all three of which affect the thyroid); 
pernicious anemia affects the gastric mucosa; Addison disease 
affects the adrenal glands; and insulin-dependent diabetes 
mellitus, also known as type 1 diabetes, affects the pancreas. 
Non-organ-specific autoimmune diseases involve the skin, 
kidneys, joints, and muscles; enmples include myasthenia 
gravis (affects the muscle), den:nat.omyositis (affects the skin), 
SLE (affects the kidneys, lungs, skin, and brain), scleroderma 
(affects the skin, lungs, kidneys, and gastrointestinal tract), 
and rheumatoid arthritis (affects the joints). Autoimmune 
diseases are the result of type IT, m, or IV hypersensitivity 
reactions. For example, myasthenia gravis is the result of type 
IT hypersensitivity, whereas rheumatoid arthritis and SLE are 
the result of type m hypersensitivity. 

IMMUNOSUPPRESSION 

If a person's immune system is functioning properly, he or 
she is said to be an immunocompetent person. If a person's 
immune system is not functioning properly, he or she is 

said to be immunosuppressed, 
imm'lmodepressed, or immtnuxom
promised. The most common cause 
of immune deficiency worldwide 
is malnutrition. In addition, 
there are acquired and inherited 
immunodeficiencies. 

Acquired immtmodefoit'lldes may 
be caused by drugs (e.g., cancer 

f .... , 
If a person's immune 
system is not func
tioning properly, he 
or she is said to be 
immunosuppressed, 
immunodepressed, 
or lmmunocompro
mlsed. ..... _______ ) 

chemotherapeutic agents and drugs given to transplant 
patients), irradiation, or certain infectious diseases (e.g., 
mv infection). mv infection leads to a decrease in T H 

cells, which, in tum, prevents the 
production of antibodies against 
T-dependent antigens and, con
sequently, results in an inability 
to fight off certain pathogens. 

r -.., 
Immunodeficiencies 
may be either inher
ited or acquired. .... ______ _., 

These pathogens overwhelm the patient's host defenses, 
eventually causing death. Persons with AIDS usually die 
of various devastating infectious diseases, including viral, 
bacterial, fungal, and parasitic diseases. Immune respon
siveness and the ability to produce antibodies also decline 
as the normal body ages, perhaps the result of a declining 
ability ofT cells to regulate the immune response. This, 
in tum, results in a greater susceptibility of the elderly to 
get serious infectious diseases. 

Inherited immflnodejicienty diseases can be the result of 
deficiencies in antibody production, complement activity, 
phagocytic function, or NK cell function. Examples of 
inherited immunodeficiency diseases are chronic granu
lomatous disease and Chediak-Higashi syndrome. Others 
include severe combined immunodeficiency (SCID), Di
George syndrome, and WJSkott-Aldrich syndrome. SCID 
patients have deficiencies of either B cells or T cells or 
both, resulting in severe recurrent infections. 

In DiGeorge syndrome, there is a congenital absence 
of the thymus and parathyroid glands; patients suffer 
frequent infections and delayed development. W1Skott
Ald.rich syndrome patients have deficiencies in B cells, 
T cells, monocytes, and platelets; effects on the patient 
include bleeding, recurrent infections, and eczema. Bone 
marrow transplantation and gene therapy may be valuable 
in treating certain immunodeficiency diseases. 

It is hoped that the increased knowledge of genetics that 
is being gained as a result of the Human Genome Project 
will lead to an increased understanding of these diseases 
and various new methods by which 
they may be treated. 

Some people are hom lacking 
the ability to produce protective 
antibodies. Because they are 
unable to produce antibodies, 
they have no gamma globulins 
in their blood. This abnonnality 
is called agammaglobulinemia. 
These persons are very susceptible 
to infections by even the least 

(' .... , 
A person lacking the 
ability to produce 
antibodies is said to 
have agammaglob
ulinemia, whereas 
a person who 
produces too few 
antibodies is said to 
have hypogamma
globullnemla. ..... ________ ) 



virulent microbes in their environment. One tre: 

for agammaglobulinemia that is often successful c 
of a bone marrow transplant, which involves the tra1 
precursor white blood cells from a closely related 1 
Some of these cells become lymphocytes. These ly 
cytes may be implanted in the lymph nodes and b 
immunocompetent (i.e., capable of being stimuhl 
antigens to produce antibodies). 

Persons who produce an insufficient amount of ant 
are said to have hypogammaglobulinemia. Their res 
to infection is lower than normal, so they usually 
recover from infectious diseases as readily as mos 
persons. One type, called Bruton hypogammaglobul 
is a hereditary disease in which the numbers of eire 
B cells are profoundly low or totally absent. 

THE IMMUNOLOGY LABORATORY 

As mentioned in Chapter 13, immunologic proc 
may be performed in an Immunology Laborato~y LJ..I>IL 

is separate from the CML, or within the Immunology 
Section of the CML, depending on the size of the medical 
facility. Immunologic procedures include tests to diagnose 
infectious diseases and immune system disorders, determine 
tissue compatibility for organ and tissue trallSplants, and 
detect and measure various serum components (immu
nochemical procedures). Only a few of these procedures 
are discussed here. 

lmmunocliagnostic Procedures 
Historically, the amount of time it tak.es to get laboratory 
results has been the most common criticism of the CML. 
Sometimes days or even weeks are necessary to isolate 
pathogens from clinical specimens, to get them growing 
in pure culture and large numbers, and to perform the 
tests necessary to identify them. With certain infectious 
diseases, it is impossible to isolate the pathogens because 
they are either obligate intracellular pathogens or extremely 
fastidious. 

One solution to these problems has been the develop
ment ofiDPs-laboratory procedures that help to diagnose 
infectious diseases by detecting either antigens or antibodies 
in clinical specimens. The results of such procedures are 
often available on the same day that the clinical specimen 
is collected from the patient. IDPs performed on serum 
specimens are sometimes referred to as serologic procedures. 

Some IDPs are designed to 
detect antigens, whereas others 
detect antibodies (Fig. 16-13). 
Detection of antigens in a clinical 
specimen is an indication that a 

IDPs are laboratory 
procedures that use 
principles of immu
nology to diagnose 
diseases. 

..J particular pathogen is present in 
the patient, thus providing direct evidence that the patient 
is infected with that pathogen. Detection of antibodies di
rected against a particular pathogen is an indirect evidence 

lmmunodlagnostlc Procedures 

For detection of antigen: 

Pat!•nt + Antl8erum 
speetmen 

VIsible 

<=n 
No visible 
AQ-Ab 
reaction 

For dal8c1lan crllllldbodln: 

Vlelble 

Patient + AnUgen < ~n 
epeclmen 

No visible 
AQ-Ab 
ANAC!Ion 

Poeltlve 
test 

Poeilive 
test 

Negative 
test 

) 

Figure 11-13. Principles of antigen and antibody detection 
procedures. Depending on the type of lOP being performed, 
the visible antigen-antibody (Ag-Ab) reaction might be aggluti
nation (clumping) of cells or latex parUcles, formation of a pre
cipitin line or band, ftuorescence, or production of a color (as In 
enzyme lmmunoassays). IDP. lmmunodlagnostlc procedure. 

of infection with that pathogen. In reality, there are four 
possible explanations for the presence of antibodies to a 
particular pathogen: 

• Present infection (i.e., the person is currendy infected 
with the pathogen). 

• Past infection (i.e., the person was infected with the 
pathogen in the past, and antibodies are still present in 
his or her body). 

• Vaccination (i.e., the antibodies are the result of the person 
having been vaccinated against that particular pathogen 
at some time in the past; for enmple, a person's serum 
may contain antibodies against influenza viruses because 
he or she received a flu shot last year). 

• Although we consider antibodies to be very specific, there 
are instances where antibodies can react with epitopes 
that are molecularly similar to, but not identical to, the 
epitope that stimulated production of the antibodies.Jr 
This is known as cross-reactivity or a cross-reaction. 
Fortunately, in most IDPs, cross-reactivity is not a 
common event. 

'As an eumple, let us consider IDPs for the detection of anti
bodies directed against Treponmu~ jHillidrnn (the bacterium that 
causes syphilis). Antibodies produced against other pathogenic 
treponemes (e.g., the causative agents of yli.WS and pinta), as well 
as nonpathogenic treponemes, will cross-react with antigenic 
determinants possessed by T. palliJum. Thus, a positive test result 
for anti-T. pllllitJvm antibodies may be due tD antibodies that 
the patient's immune system has produced against some other 
treponemes, resulting in a false-positive test result. 
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Because several explanations 
are possible for the presence of 
antibodies in a clinical specimen, 
the presence of antigens provides 
the best proof of current infection. 
Unfortunately, antigen detection 
procedures are not available for 
many infectious diseases. Another 

Detecting antibod
ies to a particular 
pathogen in a clin
ical specimen may 
represent present 
infection, past infec
tion, or prior vacci
nation against that 
pathogen. J problem with antibody detection 

~------- procedures is that it takes a person 
approximately 1 0 to 14 days to produce detectable antibodies; 
thus, even if the person is infected with a particular patho
gen, antibodies will not be detectable for about 2 weeks. 

Two ways to increase the value of antibody detection 
procedures to diagnose present infection are (a) to specifically 
test for IgM antibodies and (b) to use paired sera. Because 
IgM antibodies are the first antibodies to be produced during 
the initial exposure to an antigen (the primary response) and 
are relatively short-lived, the presence oflgM antibodies 
directed against a particular pathogen is evidence that the 
pathogen is currently infecting the individual. 

To test paired sera, one serum specimen (called the ~KUtt 
serum) is collected during the acute stage of the disease, 
and another (called the crmvalescmt r .... 
serum) is collected 2 weeks later. The value of I 
A significant rise in antibody antibody detection 

b 
procedures can be 

titer (concentration) etween improved by specific 
the acute and convalescent sera detection of lgM 
is evidence that the patient was antibodies or via the 
actively producing antibodies use of paired sera 
against that pathogen during the o.e., acute and con-
2-week period and, therefore, l valescent sera}. 
that pathogen is the cause of the 
patient's current infection. 

Laboratories purchase the reagents used to detect either 
antigens or antibodies from commercial companies. The 

The reagent used 
to detect antigens 
contains antibodies 
and is called an 
antiserum. The re
agent used to detect 
antibodies contains 
antigens. 

Tests used to de-
termine that an 
antigen-antibody 
reaction occurred 
include aggluti
nation, precipitin 
procedures, im
munofluorescence 

reagent used to detect antigens 
contains antibodies and is called 
an antiserum. An antiserum is 
usually prepared by inoculating a 
laboratory animal with the patho
gen (usually dead pathogens are 
used) and then collecting blood 
from the animal several weeks 
later. The blood is allowed to clot, 
and the serum is drawn off. The 
reagent used to detect antibodies 

' contains antigens. This is usually a 
suspension of the dead pathogen. 

A variety of laboratory tests 
have been designed so that a 
visible reaction will be observed 
if an antigen-antibody reaction 
takes place. Such tests, which 
include agglutination (involving 

procedures, and the clumping ofparticles such as 
ELISAs . 

... _______ J red blood cells [RBCs] or latex. 

beads), precipitin procedures (involving the production 
of a precipitate), immunoftuorescence procedures, and en
zyme-linked immunosorbent assays (ELISAs or EIAs), are 
represented diagrammatically in Table 16-7. Agglutination 
procedures are illustrated in Figure 16-14. 

Antigen Datectlon Procedu1'81 
For detection of antigen, the clinical specimen is mixed with a 
particular antiserum (see Fig. 16-13).A visible reaction is the 
result of the formation of antigen-antibody complexes and 
indicates that the antigen is present in the clinical specimen; in 
such a case, the test result is considered positive. H the visible 
reaction is not observed, then the antigen is not present in the 
specimen, and the test result is negative. Example: A drop of 
cerebrospinal fluid (CSF) from a patient with meningitis is 
mixed with a drop of reagent that consists of latex particles 
coupled to antibodies against Crypl«'fKa~Sneqformans.A visible 
antigen--.mtibody reaction, which leads to a clumping of the 
latex particles, is evidence that the patient's CSF cont2ined 
C. neofomums antigens, and the patient1 condition is diag
nosed as meningitis caused by C. neqformans. 

Blood l'Jplng 
Agglutination tests are used in the Blood Bank. to learn a 
person's blood type, which is determined by the types of 
antigens present on the sur&ce of his or her RBCs. Three 
reagents are used for ABO and Rh typing: 

Anti-A antiserum (a serum containing antibodies against 
A antigen) 

Anti-B antiserum (a serum containing antibodies against 
B antigen) 

Anti-Rh antiserum (a serum containing antibodies against 
Rhantigen~ 

In three separate tests, each antiserum is mixed together 
with the person\ RBCs. In each test, agglutination (clumping) 
of the RBCs will occur if that particular antigen is present 
on the RBCs (see Table 16-8). Reactions with anti-A and 
anti-B antisera are depicted in Figure 16-15. 

It is important to remember that, in addition to the 
antigens that determine a person's ABO blood type and Rh 
status, the surface ofRBCs contains many other antigens. 

Eumple 1. A person is said to be A positive (A+) if his or 
her RBCs have A antigen and Rh antigen on their surface, 
but lack: B antigen. 

Wfhe Rhesus blood group system is based on another important 
group ofRBC antigens. "Rh" stands for "Rhesus f.lctor., In reality, 
the Rh blood group system consists of SO defined blood group 
antigens. "Rh factor" strictly refers only to the most immunogenic 
of these antigens, a11ed D 111ftigen. A person either has or does not 
have Rh f.lctor on the surface of his or her RBCs. IfRh fuctor is 
present, he or she is considered Rh positive; if not, he or she is 
considered Rh negative. The original antiserum used to detect 
this antigen was produced in the 1940s by injecting rabbits with 
RBCs from a rhesus monkey; the term "Rhesus" is still in use. 
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Bound antibody 

~ 

A 

Particle 
agglu1ination 

A~lgen 

B 
Figure 18-14. Agglutination procedure. A. Schematic 
representation illustrating how antigen can agglutinate anti
body-bound latex beads. This results In clumping of the latex 
beads. B. Actual latex agglutination test Illustrating positive 
results (clumping of latex beads) and negative results (no 
clumping of latex beads). (A was redrawn from Harvey RA, 
et al. Lippincott's Illustrated Reviews: MiCIObiology. 3rd ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

Blood Typing · 

APeraon Ia H lllaee Antigens AN Praeant on the I 
Considered This Surface of n.w RBCs 

Blood 'IDe A Antigen &Antigen RhAntlgen 

Type A+ Present Absent Present 
Type A- Present Absent Absent 
TypeB+ Absent Present Present 
TypeB- Absent Present Absent 
TypeAB+ Present Present Present 
TypeAB- Present Present Absent 
TypeO+ Absent Absent Present 
TypeO- Absent Absent Absent 

EXBmple 2. A person is said to be 0 negative (0-) if his 
or her RBCs lack: A antigen, B antigen, and Rh antigen. 

Antibody Detection Procedures 
For derection of antibodies, the clin.i.cal specimen is mized 
with a suspension of a particular antigen (see F'J.g. 16-13). 
A visible reaction indicates that antibodies against that patho
gen are present in the clinical specimen, and the test result is 
positive. H the visible reaction is not observed, then antibodies 
against that pathogen are not present in the specimen, and 
the test result is negative. Eumple: A drop of serum from 

Anti·A•rum 

Figure 18·15. Agglutination procedure uHd for ABO 
blood typing. Clumping of the person's red blood cells (RBCs) 
with either anti-A antiserum or anti-B antiserum signifies that 
A antigen or B antigen is present on his or her RBCs. (From 
Cohen BJ. Memmler's The Human Body in Health and Disease. 
11th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 

a patient suspected of having Lyme disease is mixed with a 
suspension of &m:lia burgdorfori (the bacteriwn that causes 
Lyme disease). A visible antigen-antibody reaction is evidence 
that the patient's serum rontained antibodies against B.~
Jorftri, and the patienn rondition is diagnosed as Lyme disease. 

The radioallergosorbent test (RAS1) is used to detect 
and measure circulating IgE antibodies produced against 
allergens that individuals inhale, ingest, or otherwise rome 
in contact with. RAST is used in place of or as an adjunct 
to intradermal skin testing (traditional allergy testing) tn 
determine the allergen(s) to which a person is allergic. 
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Self-Assessment 
Exercises 

H:;~ 

After studying this chapter, 
answer the following 
multiple~hoice questions. 

1. Which of the following is least likely to be involved 
inCMI? 
a. antibodies 
b. cytokines 
c. macrophages 
d. Tcells 

2. Antibodies are secreted by: 
a. basophlls 
b. macrophages 
c. plasma cells 
d. Teens 

3. Humoral immunity involves all the following except: 
a. antibodies 
b. antigens 
c. NKcells 
d. plasma cells 

4. Immunity that develops as a result of an actual 
infection is called: 
a. artificial active acquired immunity 
b. artificial passive acquired immunity 
c. natural active acquired immunity 
d. natural passive acquired immunity 

5. Artificial passive acquired immunity would result from: 
a. having the measles 
b. ingesting colostrum 
c. receiving a gamma globulin injection 
d. receiving a vaccine 

6. The vaccines that are used to protect people from 
diphtheria and tetanus are: 
a. antitoxins 
b. attenuated vaccines 
c. inactivated vaccines 
d. toxoids 

7. Natural passive acquired immunity would result from: 
a. having the measles 
b. ingesting colostrum 
c. receiving a gamma globulin injection 
d. receiving a vaccine 

8. Which of the following statements Is not true about 
lgM? 
a. lgM contains a J-chaln 
b. lgM has a total of 1 o antigen-binding sites 
c. lgM Is a pentamer 
d. lgM Is a long-lived molecule 

9. Which of the following could be an effect of type Ill 
hypersensitivity? 
a. glomerulonephritis 
b. rheumatoid arthritis 
c. SLE 
d. all of the above 

10. Most likely, immunology got its start in 1890 
when these scientists discovered antibodies while 
developing a diphtheria antitoxin. 
a. Edward Jenner and Louis Pasteur 
b. Elie Metchnikoff and Robert Koch 
c. Emil Behring and Kitasato Shibasaburo 
d. Jonas Salk and Albert Sabin 
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LEARNING OBJECTIVES 

After studying this chapter, you should be able to: 

• Define the tenns and abbreviations introduced in 
this chapter 

• Categorize various infectious diseases by body 
system (e.g., cystitis is an infection of the urinary 

INTRODUCTION 

Human diseases fall into many different categories, including: 

• Degenerative diseases 
• Immune disorders 

bladder, which is part of the genitourinary [GU] 
system; myelitis is an infection of the brain and 
spinal cord) 

• Infectious diseases 
• Me12bolic disorders 
• Neoplasms (cancers and other types of tumors) 
• Nutritional disorders 
• Psychiatric disorders 

319 
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Of these disease categories, only infectious diseases are 
caused by microbes.• Recall from Chapter 1 that pathogens 
actually cause two general categories of diseases: microbial 
intoxications and infectious diseases. Microbial intoDcations, 
which follow ingestion of a toJin produced outside the body (m 
vitto) by a pathogen, are discussed in Appendix 1 on Point • 

Infi:c:tious clisea5leS (orinfecdon.s), 
Infectious diseases on the other hand, follow colonization 
are diseases that are of some body site by a pathogen. 
caused by patho- This chapter provides an overview 
gens, following of the major infectious diseases of 
colonization of some humans. Chapters 18 through 21 
body site by the 
pathogen provide detailed information about 

- · __,) specific infectious diseases. 
This chapter is divided into sections that describe infectious 

diseases of various anatomic sites, including skin, ears, eyes, 
respiratory system, the oral region, gastrointestinal (Gl) tract, 
GU system, circulatory system, and central nervous system 
(CN'S).Although a particular disease may be described within 
one particular section of this chapter (e.g., in the section 

Epiclermis ~~ 
.... .... 

Dermis (corium) --< 

' ' 

( 
Adipose tissue Hair follicle Anector pili musde 

describing infectious diseases of 
the respiratory system), readers 
should keep in mind that some 
infectious diseases involve several 
body systems simultaneously and 
that the pathogen(s) causing a par
ticular infection may move from 
one body site to another during 
the course of that disease. 

(" "'! 
Some infectious 
diseases affect more 
1han one anatomic 
site, and some 
pathogens move 
from one body site 
to another during 
1he course of a 
disease. 

~ ) 

INFECTIOUS DISEASES OF THE SKIN 

As mentioned in Chapter 1 S, intact skin is a type of nonspe
cific host defense mechanism, serving as a physical barrier 
(Fig. 17-1 ). It is part of the body's first line of defense. Very 
few pathogens can penetrate intact skin. The indigenous 
micro biota of the skin, a low pH, and the presence of chem
ical substances, such as lysozyme and sebum, also serve to 
prevent colonization of the skin by pathogens. Nonetheless, 

Pore (opening 
of sweat gland) 

Artery 

Figure 17·1. Oro• eectlon of the akin. (From Cohen BJ. Memmler's The Human Body In Health and Disease. 11th ed. 
Philadelphia, PA: Uppincott Williams & Wilkins; 2009.) 

'Some types of cancer are also known to be caused by viruses, 
but these are only briefly discussed in Chapter 4. 



STUDY AID 
What to Learn? 

After studying Chapter 17, 
students should be able to de
fine the terms and abbreviations 
introduced in this chapter and 
categorize various infectious diseases by body 
system (e.g., that myocarditis is an inflammation of 
the muscular walls of the heart-the myocardium: 
that encephalitis is an inflammation of the brain). 

skin infections do occur. The following are some terms 
relating to skin and infectious diseases of the skin: 

• Epidermis. The superficial portion of the skin. 
• Dermis. The inner layer of skin, containing blood and 

lymphatic vessels, nerves, nerve endings, glands, and 
1Wr follicles. 

• Dermatitis. Inflammation of the skin. 
• Sebaceous glands. Glands in the dermis that usually 

open into hair follicles and secrete an oily substance 
known as sebum. 

• Folliculitis. Inflammation of a 1Wr follicle, the sac that 
contains a hair shaft. 

• Sty (or stye). Inflammation of a sebaceous gland that 
opens into a follicle of an eyelash. 

• Funm.cle. A localized pyogenic (pus-producing) infec
tion of the skin, usually resulting from folliculitis; also 
known as a boil. 

• Carbuncle. A deep-seated pyogenic infection of the skin, 
usually arising from a coalescence of furuncles. 

• Macule. A surface lesion that is neither raised nor de
pressed, such as the lesions of measles. 

• Papule. A surface lesion that is firm and raised, such as 
the lesions of chickenpox. 

• Vesicle. A blister or small fluid-filled sac, such as is seen 
in chickenpox and shingles. 

• Pustule. A pus-filled surface lesion. 

STUDY AID 
The Suffix "-itis" 

Words ending in •itis" refer to 
an inflammation of a particular 
anatomic region. For example, 
meningitis means an inflam-
mation of the meninges (the membranes that surround 
the brain and the spinal column). Although inflammation 
is often the result of an infection, it can be caused by 
other factors {e.g., toxins and chemicals). 
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Various types of surface lesions are shown in Figure 17-2. 

INFECTIOUS DISEASES OF THE EARS 

The anatomy of the ear is shown in Figure 17-3. There 
are three pathways for pathogens to enter the ear: (a) 
through the eustachian (auditory) tube, from the throat 

A 

B 

Vesicle 

c 

D 
Fltu,. '17·2. ~ of surface INione. (A) Macules, 
(B) papules, (C) vesicles, and (D) pustules. (From Cohen BJ. 
Memmler's The Human Body in Heeith and Disease. 11th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 
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Figure 17-3. Anatomy ot the ear. (from Cohen BJ. Memm/er's The Human Body fn Health and Dfsease. 11th eel. Philadelphia, PA: 
Uppincott Williams & Wilkins; 2009.) 

and ruasopha.rynx; (b) from the external ear; and (c) via the 
blood or lymph. Usually, bacteria are trapped in the middle 
ear when a bacterial infection in the throat and nasopharynx 
causes the eustachian tube to close. The result is an anaerobic 
condition in the middle ear, allowing obligate and facultative 
anaerobes to proliferate and cause pressure on the tympanic 

Infection of the 
middle ear is known 
as otitis media, 
whereas infection of 
the outer ear canal 
is known as otitis 
externa. 

membrane (eardrum). Swollen 
lymphoid (adenoid) tissues, viral 
i.nfectiODS, and allergies may also 
close the eustachian tube, especially 
in young children. Infection of the 
middle ear is known as otitis media, 
whereas infection of the outer ear 
canal is known as otitis enema. 

INFECTIOUS DISEASES OF THE EYES 

The anatomy of the eye is shown in Figure 17-4. Tenns 
relating to the eye and infectious diseases of the eye include 
the following: 

• Conjunctiva. The thin, tough lining that covers the inner 
wall of the eyelid and the sclera (the white of the eye). 

• Conjunct:ivitis. An infection or inflammation of the 
conjunctiva. 

• Keratitis. An infection or inflammation of the cornea
the domed covering over the iris and lens. 

• Keratoconju.n.ctivitis. An infection that involves both 
the cornea and the conjunctiva. 

• Retinitis. In.8ammation that involves the ret:im. Often 
caused by viral infection. 

INFECTIOUS DISEASES OF THE 
RESPIRATORY SYSTEM 

For practical purposes, the discussion of the respiratory 
system is divided into the upper respiratory tract (URT) 
and the lower respiratory tract 
(LRT). The URT includes the 
paranasal sinuses, nasopharynx, 
oropharynx, epiglottis, and 

r LRT. fe . 1 1n ct1ons are 
the most common 
cause of death from 

larynx ("'voice box"). The LRT Infectious diseases. , 
~- _/ 

includes the trachea ("windpipe"), 
bronchial tubes, and alveoli of the lungs. The respiratory 
system is depicted in Figure 17-5. 

Indigenous micro biota of the URT may cause opportu
nistic infections (Dis) of the respiratory system. Infectious 
diseases of the URT (e.g., colds and sore throats) are more 
common than infectious diseases of the LRT. They may 
predispose the patient to more serious infections, such as 
sinusitis, otitis media, bronchitis, and pneumonia. LRT 
infections are the most common cause of death from 
infectious diseases. 
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Figure t7·4. Anatomy or 1he eye. (From Cohen BJ. Memmler's The Human Body In Health and Dis
ease. 11th ed. Philadelphia, PA: Upplncott Williams & Wilkins; 2009.) 

Terms relating to infectious diseases of the respiratory 
system include the following: 

• Bronchitis. Inflammation of the mucous membrane 
lining of the bronchial tubes; most commonly caused 
by respiratory viruses. 

• Bronchopneumonia. Combination of bronchitis and 
pneumonia. 

• Epiglottitis. Inflammation of the epiglottis (the mouth 
of the windpipe) may cause respiratory obstruction, 
especially in children; in the absence of vaccination, 
frequently caused by Htleflt()jJbilus influmztu type b. 

• Laryngitis. Inflammation of the mucous membrane of 
the larynx (voice box). 

• Pharyngitis. InBammation of the mucous membrane 
and underlying tissue of the pha.ry.n:x; commonly referred 
to as sore throat "Strep throat" is pharyngitis caused 
by Strep~ pyogems. Even though S.I!Jogenes is the 
most "publicized" cause of pharyngitis, most cases of 
pharyngitis are caused by viruses. 

• Pneumonia. Inflammation of one or both lungs . .Alveolar 
sacs become filled with exudate, inflammatory cells, and 
fibrin. Most cases of pneumonia are caused by bacteria or 
viruses, but they can also be caused by fungi and protozoa. 

Even though 
S. pyogenes is the 
most widely "pub
licized" cause of 
pharyngitis, viruses 
cause most cases of 

• Sinusitis. Inflammation of the 
lining of one or more of the para
nasal sinuses. The most common 
causes are the bacteria, Streptvt:oa:us 
pne1llltl»>ioeand H.~· Less 
common causes are the bacreria, 
S. pyogmes, Morrt:Ji:ella «<ttlfrbll#s, pharyngitis. 

_J and St~~pbjlococcus llllf'eUS. 

STUDY AID 
Typical Pneumonia versus 
Atypical Pneumonia 

Patients with typical pneumonia expe
rience chest pain, dyspnea (shortness of 
breath}, fever, chills, and a productive cough 
(one that produces purulent sputum). Less common 
symptoms include anorexia, headache, nausea, diar
rhea, and vomiting. X-ray abnormalities are propor
tional to the physical symptoms. Common causes of 
typical pneumonia are the bacteria, S. pneumoniaa, 
H. influenzas, and S. aut&Us, and viruses such as 
influenza virus types A and B, parainfluenza viruses, 
and respiratory syncytial virus (RSV). Other causes are 
Legione//a pneumophila, Mycop/asms pneumoniae, 
Ch/amydophi/a pneumoniae, and other Gram-nega
tive bacilli. Atypical pneumonia has a more insidious 
(slower) onset than typical pneumonia. Patients pres
ant with headache, fever, cough with little sputum, and 
myalgia. X-ray abnormalities are usually greater 1han 
physical symptoms would predict. Common causes 
of atypical pneumonia are 1he bacteria, M. pneumo
niae, C. pneumonia&, and L. pneumophila, and viruses 
such as influenza viruses, RSV, and adenoviruses. 
Other causes are Chlamydophila psittaci (a bacterium), 
Pneumocystis jirovecii (a fungus), varicella-zoster virus, 
and parainfluenza viruses. Note that some pathogens 
can produce either typical or atypical pneumonia. 
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POTLIGHTING 
R., ... 11rat~".., Therapists 

Respiratory therapists are responsible 
for helping people who suffer from 
chronic respiratory diseases such as 
asthma, bronchitis, and emphysema. 

They also function to help people with 
sleep disorders such as sleep apnea and 
infants who are born prematurely and 

have not yet acquired nonnal breathing 
function. 

Respiratory therapists work in a wide variety 
of settings including hospitals, clinics, doctor's 
offices, long-term care facilities, and sleep 

!.i.---.;.;..·---Oropharynx > Pharynx 

..:....-----:~~-- Uiryngael pharynx) 

- Leftlung 

Horlzan1lll 
c......Uon 
of lung• 

Visceral 
pleura 

..-- Parietal 
pleura 

Thoracic 
wrtabra 

--wall of 
thorax 

disorder centers. Entry-level respiratory therapists 
may assume clinical responsibility for specified 
respiratory care functions involving therapeutic 
techniques under the supervision of an advanced-level 
therapist or a physician. 

The advanced-level respiratory therapist 
participates in clinical decision-making and 
patient education, develops and implements 
respiratory care plans, utilizes evidence-based 
clinical practice guidelines, and participates 
in health promotion, disease prevention, 
and disease management. 

More information on careers in Respiratory Therapy 
can be found at the American Association for Respiratory 
Care (http://www.aarc.org). 
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INFECTIOUS DISEASES OF THE 
ORAL REGION 

As discussed in Chapter 10, the oral cavity (mouth) is a 
complex ecosystem suitable for growth and interrela
tionships of many types of microorganisms (Fig. 17 -6). 
Although the actual indigenous micro biota of the mouth 
varies greatly from one person to another, studies have 
shown that they include about 300 identified species of 
bacteria, both aerobes and anaerobes. Many additional, as 
yet unclassified, bacteria also live there. Some members 
of the oral micro biota are beneficial in that they produce 
,..--------. ..., secretions that are antagonistic to 

other bacteria. Although several 
bacterial species, such as Strep
tococcus (Streptococcus salivariru, 
StreptocoCC'IIS mitis, Streptococcus 
stmguis, and Strept«occusmuttms) 
and Actirwmyces spp., often interact 
to protect the oral surfaces; in 
other circumstances, they are 
involved in oral disease. 

In the healthy mouth, saliva 
~ secreted by salivary glands helps 

control the growth of opportunistic oral microbes. Saliva 
contains enzymes (including lysozyme), immunoglobulins, 
and buffers to control the near-neutral pH and continually 
flushes microbes and food particles through the mouth. 
Other antimicrobial secretions and phagocytes are found 
in the mucus that coats the oral surfaces. The hard, com
plex, calcium tooth enamel, bathed in protective saliva, 

Most infections of 
the oral cavity are 
caused by members 
of the Indigenous 
oral microbiota; 
sometimes one 
member acting in
dependently, and 
other times several 
members acting 
together. 
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Figure 17-e. Anatomy of the mouth. (From Cohen BJ. 
Memmler's The Human Body in Health and Disease. 11th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 

usually resists damage by oral microbes. However, if the 
ecologic balance is upset or is not properly maintained, 
oral disease may result. The following terms relate to 
infectious diseases of the oral cavity: 

• Dental caries. Tooth decay or cavities. Dental caries 
start when the external surface (the enamel) of a tooth 
is dissolved by organic acids produced by masses of 
microorganisms attached to the tooth (dental plaque). 
This is followed by enzymatic destruction of the 
protein matrix, cavitation, and bacterial invasion. 
The most common cause of tooth decay is S. muttms, 
which produces lactic acid as an end product in the 
fermentation of glucose. 

• Gingivitis. Inflammation of 

the gingiva (gums). The most common 
• Periodontitis. Inflammation cause of tooth 

of the periodontium (tissues decay · s tan 1s .mu s. , 
that surround and support the '-- "" 
teeth, including the gingiva and 
supporting bone); in severe cases, teeth loosen and fall out. 

• Thrush. An infection of the oral tissues (mostly the 
tongue) with Ctmdida alhicans that occurs mainly in 
immunocompromised patients. 

Oral infections result from a combination of the unique 
microbial population, reduced host defenses, improper diet, 
and poor dental hygiene. These 
diseases are the consequence of 
at least four microbial activities, 
including (a) formation of dextran 
(a polysaccharide) from sugars by 
streptococci, (b) acid production 
by lactic acid-producing bacte
ria, (c) deposition of calculus by 

..._ 

Oral diseases, such 
as gingivitis, peri
odontitis, and trench 
mouth, are collec
tively known as peri
odontal diseases. 

) 

Actmomyces, and (d) secretion of inflammatory substances 
(endotoxin) by Bacuroides species. This combination of 
circumstances damages the teeth, soft tissues (gingiva), 
alveolar bone, and the periodontal fibers that attach teeth 
to bone. Oral diseases, such as gingivitis, periodontitis, 
and trench mouth, are collectively known as periodontal 
diseases. 

Periodontal diseases can be prevented by maintaining 
good health, proper oral hygiene (tooth brushing, using 
tartar-control toothpaste, and flossing), an adequate diet 
without sugars, and regular fluoride treatments to help 
control the microbial population and to pr~t damaging 
bacterial interactions. Severe gingivitis and periodontitis 
require professional care by a specially trained dentist called 
a periodontist. Using scaling and root planing technique, 
periodontists remove tartar that has accumulated on 
tooth surfaces up to one-fifth of an inch below the gum 
line-areas where tooth brushing and flossing cannot 
reach. After dental surgery, periodontists often prescribe 
a chlorhexidin.e mouth rinse as a temporary substitute for 
brushing and flossing. 
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INFECTIOUS DISEASES OF THE 
GASTROINTESTINAL TRACT 

The GI tract consists of a long tube with many expanded 
areas designed for digestion of food, absorption of nutti
en~, and elimination of undigested muerials (Fig. 17 -7). 
Uansient and resident microbes continuously enter and 
leave the GI tract. Most of the microorganisms ingested 
with food are destroyed in the stomach and duodenum 
by the low pH (gastric contents have a pH of -1.5) and 
are inhibited from growing in the lower intestines by the 
resident micro biota (microbial antagonism). They are then 
flushed from the colon during defecation, along with large 
numbers of indigenous microbes. The indigenous microbi_ota 
of the GI tract was diSCU5Sed in Chapter 10. Terms relaung 
to infectious diseases of the GI tract include the following: 

• Colitis. Inflammation of the colon (the large intestine). 
• Diarrhea. An abnormally frequent discharge of semisolid 

or fluid fecal matter. Some laboratory workers define 

diarrheal specimens as "stool specimens that conform 
to the shape of the container." 

• Dysentery. Frequent watery stools, accompanied by 
abdominal pain, fever, and dehydration. The stool spec-
imens may contain blood or mucus. . 

• Enteritis. Infiamrnation of the intestines, usually referring 
to the small intestine. 

• Gastritis. Inflammation of the mucosal lining of the 
stomach. 

• Gastroenteritis. Inflammation of the mucosal linings 
of the stomach and intestines. 

• Hepatitis. Inflammation of the 
liver; usually the result of viral 
infection, but can be caused by 
toxic agents. 

Dlanhea Is a symp
tom in a wide vartety 
of conditions and 
diseases. It can be 
caused by certain 

Diarrhea is a symptom in a foods or drugs, or 
wide variety of conditions and it may be the result 

of an infectious 
diseases. It can be caused by certain disease. 

,, 

I foods or drugs, or it may be the .._ _, 
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Figure 17·7. Anatomy o11he gas
trolntednal tract. {From Cohen BJ. 
Msmmlsrs The Human Body in Health 
and Disesse. 11th ed. Philadelphia, PA: 
Uppincott Williams & Wilkins; 2009.) 
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result of an infectious disease. If diarrhea results from an 
infectious disease, the pathogen may be a virus, a bacterium, 
a protozoan, or a helminth. Dysentery may also be caused 
by various pathogens, including bacteria (e.g., Shigella spp. 
cause bacillary dysentery) and protozoa (e.g., amebiasis and 
balantidiasis, which are described in Chapter 21). 

INFECTIOUS DISEASES OF THE 
GENITOURINARY SYSTEM 

The GU or urogenital system consists of the urinary and 
genital tracts. Infectious diseases of the urinary tract are 
described first. 

Urlnarr 'Ifact Infections 
For purposes of discussion, urinary tract infections (UTis) 
can be divided into upper UI'Is and lower UI'Is. Upper 
UI1s include infections of the kidneys (nephritis or py
elonephritis) and ureters (ureteritis). Lower UTis include 
infections of the urinary bladder (cystitis), the urethra 
(urethritis), and, in men, the prostate (prostatitis). The 
anatomy of the urinary tract is shown in Figure 17-8. 

UTis may be caused by any of various microorganisms, 
introduced by poor personal hygiene, sexual intercourse, 

UTis may be caused 
by any of a variety 
of microorganisms, 
introduced by poor 
personal hygiene, 
sexual intercourse, 
the Insertion of 

the insertion of catheters, and 
other means. The urinary tract is 
USilallyprotected from pathogens 
by the frequent flushing action of 
urination. The acidity of normal 
urine also discourages the growth of 
many microorganisms. Indigenous 

catheters, and some microbiota is found at and near 
other means. the outer opening (meatus) of the 
~-------·) UJ'ethra ofboth men and women. 

Terms relating tD infectious diseases of the urinary tract 
include the following: 

• Cystitis. Inflammation of the urinary bladder; the most 
common type of UTI. The most common cause of cystitis 
is Ert:herichia coli. Other common causes of cystitis are 
species of Klebsiella, Proteus, Enterobaaer, Ps~, 
and Enterococcus as well as St.t~phykcoccus sapropbyticus, 
Staphylococcus epilkrmidis, and C. alhiams. 

• Nephritis. General term referring to inflammation of 
the kidneys. Pyelonephritis is inflammation of the renal 
parenchyma. E. coli is the most common cause of nephritis 
and pyelonephritis. Most often, nephritis is preceded by 
cystitis; the bacteria migrate up the ureters, from the 
urinary bladder to the kidneys. Bacteria may also gain 
access to the kidneys via the bloodstream. 

• Ureteritis. Inflammation of one or both ureters. Usually 
caused by the spreading of infection upward from the 
urinary bladder or downward from the kidneys. 

• Urethritis. Inflammation of the urethra. Pathogens are 
usually transmitted sexually. The most common cause 
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Fltu,. '17·8. Anatomy of 1he urinary tract. (From Cohen BJ. 
Memmler's The Human Body In Health and Disease. 11th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 

ofUJ'ethritis is the bacterium, Chlomydia tmchomatir, but 
Neisseria gomwr/:JoeM and Mycopl.tzsma genitali'll!m can also be 
the cause. Urethritis that is not caused by N. grmcrrhoeae is 
often referred to as nonspecific 
urethritis or nongonococcal 
UJ'ethritis. 

( ~ 
The most common 

• Prostatitis. Inflammation of 
the prostate gland. Most often, 
prostatitis is not an infectious 
disease. If it is caused by a 
pathogen, the pathogen may be 
a bacterium, a virus, a fungus, 
or a protozoan. 

cause of cysti-
tis, nephritis, and 
pyelonephritis is 
E. coli, whereas 
the most common 
cause of urethritis is 
the bacterium, 
C. trachomatis. 

'-

Infections of the Genital 'Ifact 

) 

As previously mentioned, indigenous microbiota. is found 
at and near the outer opening of the urethra and within the 
distal urethrab of both men and 
women. Additionally, the female Destruction of some 
genital region supports the growth members of the 
of many other microor-nisms. vaginal mlcroblota 

c- can lead to an 
The adult vaginal microbiota overgrowth (super-
contains many species of Lllcroba- Infection) of other 
dllus, Staphyloco«us, Streptococcus, members. 
Enttroc«cUS, Neisstriil, Clostridium, ' ) 

Actinomyces, Prevotella, diphtheroids, enteric bacilli, and 
Candida. The balance among these microbes depends on 

'The distal urethra is the section of the urethra &rthest from the 
urinary bladder and closest to the ex:tetnal opening. 
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the estrogen levels and pH of the site. For example, should 
something (e.g., antibiotic use) kill the resident lactobacilli, 
an overgrowth (superinfection) of C. albi&IZ'IIS can occur, 
leading to the condition known as yeast vaginitis. Should 
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any of these or other microorganisms invade further into 
the GU system, various nonspecific infections may occur. 
The male and female reproductive systems are shown in 
Figure 17-9. 
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Figure 17-8. Anatomy of the rep,ductive system. (A) Male. (B) Female. (From Cohen BJ. Memmter's The Human Body in 
Health and Disease. 11th ed. Philadelphia, PA: Upplncott Williams & Wilkins; 2009.) 
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Genital infections can be caused by a wide variety of 
microbes. Terms relating to infectious diseases of the genital 
tract are as follows: 

• Bartholinitis. Inflammation of the Bartholin ducts in 
women. 

• Cervicitis. Inflammation of the cervix (that part of the 
uterus that opens into the vagina). 

• Endometritis. Inflammation of the endometrium (the 
inner layer of the uterine wall). 

• Epididymitis. Inflammation of the epididymis (an elon
gated structure connected to the testis). 

• Pelvic inflammatory disease. Inflammation of the 
fallopian tubes; also known as salpingitis. 

• Vaginitis. Inflammation of the vagina. The three most 
common causes of vaginitis in the United States, each 
causing about one-third of the cases, are C. tdbicam 
(a yeast), Tricbo'lfUiniiS v11gin.tllis (a protozoan), and a 
mixture of bacteria (including bacteria in the genera 
Mobil-uncus and G11rdnerella). When caused by a mix-

--------- ture of bacteria, the infection is ... 
The three most 
common causes 
of vaginitis in the 
United States are 
C. a/bicans (a yeast), 
T. vaginalis (a proto
zoan), and a mixture 

referred to as btJ.Cterial vogi:nosis. 
In general, infections that result 
from the actions of two or more 
bacteria are called synergistic 
or polymicrobial infections. A 
saline wet mount preparation 
or Gram stain is often used to 

of bacteria. 
__,J diagnose vaginitis (see Appendix 5 

on .I' Po:nt). 
• Vulvuv.aginitis. Inflammation of the vulva (the external 

genitalia of women) and the vagina. 

Sexually Transmittad DiH&sas of 
the Genital Tract 
The term sexually transmitted disease (STD), formerly 
called venereal disease, includes any of the infections 
transmitted by sexual activities. It is important to un
derstand that STDs affect not only the genital tract but 
also the skin, mucous membranes, blood, lymphatic and 
digestive systems, and many other body areas. Epidemic 
STDs include acquired immunodefi.ciency syndrome 
(AIDS), chlamydial and herpes infections, gonorrhea, 
and syphilis. The AIDS virus (human immunodeficiency 
virus [HIV]) primarily causes damage to helper T cells 
and thus inhibits antibody production; it is discussed in 
Chapter 18 in the section "Vual Infections of the Cir
,--------., culatory System." Diseases such 

STDs affect not only as hepatitis B, amebiasis, and 
the genital tract but giardiasis can also be transmitted 
also the skin, mu- by sexual activities, as can many 
cous membranes, other diseases. The Centers for 
blood, lymphatic Disease Control and Prevention 
and dlges1fve sys- (CDC) estimates that 20 million 
tems, and many f II 
other anatomic sites. cases o STDs occur annua yin 

... _______ .J the United States. 

INFECTIOUS DISEASES OF THE 
CIRCULATORY SYSTEM 

The circulatory system consists of the cardiovascular and 
lymphatic systems. The cardiovascular (amlio for heart 
and VIISC'Uiar for the various types of blood vessels} system 
includes the heart, arteries, capillaries, veins, and blood. 
Blood is composed of plasma (the liquid portion) plus 
the various cellular elements. (The cellular elements of 
blood are discussed in Chapters 13 and 15.) Terms re
lating to infectious diseases of the cardiovascular system 
are as follows: 

• Endocarditis. Inflammation of the endocardium-the 
endothelial membrane that lines the cavities of the heart 
(Fig.17-10). 

• Myocarditis. Infla.mmation of the myocardium-the 
muscular walls of the heart. 

• Perican:litis. Inflammation of the pericardium-the 
membranous sac around the heart. 

POT 
IGHTING 

Cardiovascular technologists 
use a variety of instruments and 

ruL.>OOLILII .... to perfonn diagnostic 
examinations and therapeutic inter-
ventions of the heart or blood vessels 

under the supervision of a physician. The majority of 
cardiovascular technologist positions are in hospitals 
and they increasingly require an associate or bache
lor degree with certification. 

Entry level technicians may perform 
electrocardiograms, set up stress tests, 
and Holter monitoring. 

Advanced 1raining allows them to perfonn cardiac 
sonography using ultrasound to examine heart cham
bers, valves, and vessels. 

Vascular technologists assist physicians in diag
nosing disorders involving the circulation. They may 
assess blood flow in arteries and veins by listening to 
the vascular flow for sounds of abnonnalities. In ad
dition, they may also monitor blood pressure, oxygen 
saturallon, cerebral circulation, peripheral circulation, 
and abdominal circulation during or Immediately after 
surgery. 

Cardiovascular technicians can seek certification 
from the American Registry of Diagnostic Medical 
Sonographers (ARDMS) and the Cardiovascular 
Credentlallng International (CCO. Some states also 
require licensure. 
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The presence of 
bacteria in a per
son's bloodstream 
is known as bao
teremia. It may or 
may not be a sign of 
disease . 

Normally, blood is sterile and 
contains no resident micro biota. 
The presence of bacteria in the 
bloodstream is known as bacteremia, 
which can be, but is not always, a 
sign of disease. Transient bacte
remia (the temporary presence of 

... _______ J bacteria in the blood) often results 

from dental extractions, wounds, bites, and damage to the 
intestinal, respiratory, or reproductive tract mucosa. Even 
aggressive tooth brushing, which causes bleeding of the 
gums, can lead to transient bacteremia. 

However, when pathogenic organisms are capable of 
resisting or overwhelming the phagocytes and other body 
defenses-or when an individual is immunosuppressed or is 
otherwise more susceptible than normal-a systemic disease 
calledstp~ may occur. A patient with septicemia experiences 

Superior vena cava------

Right pulmonary 
artery (branches}--~~--

RlghtAV 
(tricuspid) valve ----+~ 

Inferior 
vena cava---

Key 

• Blood tlWllil QXY~~an 
Blood loW In QXYIIBn 

chills, fever, and prostration (extreme 
exhaustion) and has bacteria or their 
toxins in the bloodstream. 

Although dozens of infectious 
diseases can be transmitted by 
donated blood, only the following 
tests are routinely performed on 
donor blood in the United States: 

• Trtprmemtz pallidum antigen (T. 
pllllidum is the cause of syphilis) 

• IDV-1 antibody 
• IDV-2 antibody 

(" "'! 
Septicemia is a 
disease in which 
1he patient experi· 
ences chills, fever, 
and pros1ration (ex
treme exhaustion) 
and has bacteria or 
1helr toxins In their 
bloodstream. 

~ ) 

• HTLV-1 and HTI..V-ll antibody (human T-celllym
photropic virus [HTI..V] type 1 has been associated 
with several kinds of diseases, including demyelinating 
diseases, leukemia, and lymphoma; IITLV-II has not 
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Figure 17·10. Anatomy of 1he heart. (From Cohen BJ. Memmfer's The Human Body In Health and Disease. 11th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2009.) 



been clearly linked to any specific disease, but has been 
associated with several neurologic disorders) 

• Hepatitis B virus (HBV) surface antigen 
• HBV core antibody 
• Hepatitis C virus (HCV) antibody 
• Nucleic acid amplification testing for lllV-1, HCV, West 

Nile virus, and Zik:a virus 
• Antibody test for Tryptm01011111 cruzi, the cause of Chagas 

disease 

The lymphatic system consists oflymphatic vessels, 
lymphoid tissue (including the lymph nodes, tonsils, 
thymus, and spleen), and lymph (the liquid that circulates 
through the lymphatic system). Lymph occasionally picks 
up microorganisms from the intestine, lungs, and other 
areas, but these transient organisms are usually quickly 
engulfed by phagocytic cells in the liver and lymph 
nodes. The lymphatic system contains many lymphocytes 
(discussed in Chapter 16). Terms relating to infectious 
diseases of the lymphatic system include the following: 

• 4mPhadenitis. Inflamed and swollen lymph nodes. 
• 4mPhadenopathy. Diseased lymph nodes. 
• ~tis. Inflamed lymphatic vessels. 

INFECTIOUS DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 

The nervous system is composed of the CNS and the periph
eral nervous system (Fig. 17 -11). The CNS consists of the 
brain, spinal cord, and three membranes (or meninges [sing., 
meninx]) that cover the brain and spinal cord (Fig.17 -12). The 
CNS is well protected and remarkably res.istmt to infection; 
it is encased in bone, bathed and cushioned in cerebrospinal 
fluid (CSF), and nourished by capillaries. These capillaries 
.maJre up the blood-brain barrier, supplying nutrients but 
not allowing larger particles, such as macromolecules (e.g., 
antibodies and most antibiotics), cells of the immune system, 
and microorganisms, to pass from the blood into the brain. 
The peripheral nervous system consists of nerves that branch 
from the brain and spinal cord. 

There is no indigenous microbiota of the nervous 
system. Microbes gain access to the CNS through trauma 
(fracture or medical procedure), via the blood and lymph 
to the CSF, or along the peripheral nerves. Terms relating 
to infectious diseases of the CNS include the following: 

• Encephalitis. Inflammation of the brain. 
• Encephalomyelitis. Inflammation of the brain and 

spinal cord. 
• Meningitis. Inflammation of the membranes (meninges) 

that surround the brain and spinal cord. 
• Meningoencephalitis. Inflammation of the brain and 

meninges. 
• M~tis. Inflammation of the spinal cord. 
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Figure t7·11. Anatomy of 1he central nervous eyetem. 
(From Cohen BJ. Memmler's The Human Body in Health and 
Disease. 11th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2009.) 

lnfactlons of the Central Nervous System 
Having Multiple causes 

Meningitis 
Meningitis-inBammati.on of the meninges--c::an have many 
causes, including the ingestion of poisons, the ingestion or 
injection of drugs, a reaction to a wccine, or a pathogen. If 
caused by a pathogen, the culprit 
might be a virus, a bacterium, a 
fungus, or a protozoan. 

Vrral meningitis may be 
caused by a virus that specifi
cally infects the meninges, or 
may be the result of an immune 

( 

Meningitis can be 
caused by the in
gestion of poisons, 
the ingestion or 
injection of drugs, 
a reaction to a vao-

l 

reaction to a virus that does not cine, or a pathogen. , ...__ -' 

specifically infect the brain (e.g., 
chickenpox, measles, and rubella viruses). Viral meningitis 
is sometimes referred to as "aseptic meningitis" because 
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Figure 17·'12. Sectfon of the top of the head ehowfng 
the menmgee and related etructures. (From Cohen BJ. 
Memmfer's The Human Body in Health and Disease. 11th ed. 
Philadelphia, PA: Uppincott Williams & Wilkins; 2009.) 

Viral meningitis is .., in about 50% of the cases, the 
sometimes referred pathogen cannot be identified. 
to as •aseptic men
ingitis" because in 
abou150% of the 
cases 1he pathogen 
cannot be identified. 

.J 

The various types of viruses that 
cause meningitis include entero
viruses (the major cause in the 
United States), coxsackieviruses, 
echoviruses, mumps virus, arbo
viruses (arthropod-borne viruses), 

poliovirus, adenoviruses, measles virus, herpes simplex, 
and varicella virus. Viral meningitis tends to be less serious 
than bacterial meningitis. 

Historically, the three major causes of bacterial 
meningitis have been H. influenZIIe (the primary cause 
in children), Neisseria meningitidis (the primary cause in 
adolescents), and S. Jmt:11:11W11iae (the primary cause in the 
elderly). All three of these pathogens now have vaccines 
that have dramatically reduced the incidence of meningitis 
in the United States. However, in third world countries, 
meningitis caused by these organisms is still commonplace. 

-, Less common causes of bacterial 
Historically, 1he meningitis are Lirteria monocy-
1hree major causes togenes, S. aureus, Pseudomonas 
of bacterial men- 11eruginosa, Salmonellll spp., and 
ingitis have been Klebsiella spp. 
H. influenzae, N. The major causes of bacte-
meningitidis, and S. 
pneumoniae. rial meningitis in neonates are 

... _______ . .) Streptocoa:fl3 agalactille (Group B, 

P-hemolytic streptococci), E. coli and other members of the 
family Enterobacteriaceae, and L. moni>CJlOgenes. 

Early symptoms of bacterial meningitis include fever, 
headache, stiff neck, sore throat, and vomiting. The neuro
logic symptoms of dizziness, convulsions, minor paralysis, 
and coma also occur; death may result within a few hours. 
Meningitis is a medical emergency, and steps must be taken 
immediately to determine the cause. Diagnosis is usually 
made by a combination of patient symptoms, physical 
examination, and Gram staining and culture of the CSR 

Free-living amebas that may cause mnsingoencephlllitis 
are in the genera Naegkrill, Bllllrmuthilz, and Acanthamoeb11. 
Other protozoa that may inwde the meninges are Toxo
plasma and Trypanos011111. Occasionally, fungal pathogens, 
especially Cryptot:O«US neofom11111S (an encapsulated yeast), 
cause meningitis. 

Toxins. Several CNS diseases are caused by toxins. E:wn
ples of bacterial neurotoxins are botulinum toxin (the exo
toxin that causes botulism) and tetanospasmin (the cause of 
tetanus). Diseases caused by fun- r --

1 
gal toxins (mycoto:xins) include Parasites that can 
ergot from grain moulds and cause CNS diseases 
mushroom poisoning. Grmyllfllllx, Include free-living 

amebas and species 
an alga found in algal "blooms," of Toxoplasma and 
produces neurotoxins, which Trypanosoma. 
may concentrate in binlve shell '"-------"' 
fish and cause paralytic symptoms following ingestion of 
the contaminated shellfish. A variety of other algae also 
produce neurotoxins (see Appendix 1 on- !lvift~). 

OPPORRINISTIC INFECTIONS 

Recall from Chapter 1 that certain microbes are referred 
to as "opportunistic pathogens" or "opportunists." These 
are microbes that usually do not cause disease, but have the 
potential to cause disease under certain conditions. The term 
Ols refers to infections that normally would not occur in 
healthy, immunocompetent individuals or would, at most, 
cause only mild infections. On the other hand, Ois are rela
tively common in immunosuppressed individuals and often 
contribute to their death. Immunosuppressed individuals 
present an "opportunity" for the pathogens to cause disease. 

The following are some of the most common Ois: 

• Aspergillosis and other mould infed:ions (including 
bread mould infections). Can become a systemic infection 
in immunosuppressed individuals 

• Candidwns. A yeast infection of the mouth (thrush), 
throat, or vagina; can become a systemic infection in 
immunosuppressed individuals 

• Cytomegalovirus infect:io:n. Can cause eye disease that 
can lead to blindness 

• Herpes simplex virus iDfections. The cause of oral 
herpes (cold sores) and genital herpes, which can 
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STUDY AID 
Aseptic Meningitis 

The term aseptic meningitis 
implies meningitis that is 
not caused by a pathogen. 
Although it is true that some 
cases of meningitis result from events unrelated to 
pathogens (e.g., the ingestion of poisons or certain 
drugs), many cases of aseptic meningitis are actually 
the result of infections. The term probably originated 
from meningitis cases where no organisms were re
covered on routine bacteriologic culture. However, 
many cases of meningitis are caused by microbes that 
will not grow on standard bacteriologic culture media. 
Examples of such pathogens are viruses (many dif
ferent types), fungi, leptospira, and T. pall/dum. Cases 
of meningitis caused by these types of organisms are 
collectively referred to as aseptic meningitis. 

occur in immunocompetent individuals, but are more 
frequent and more severe in immunosuppressed individuals 

• Malaria. A parasitic infection that occurs in immuno
competent individuals, but is more common and severe 
in immunosuppressed individuals 

• MycobiiCterium ll'flium complex. A bacterial infection 
that can cause recurring fevers, problems with digestion, 
and serious weight loss 

• Pnet~imocynis pneumonia. A fungal infection that 
can cause a fatal pneumonia; prior to newer and more 
aggressive treatments it was once the major k:iller of 
AIDS patients 

• Toxoplasmosis ("toxo"). A protozoal infection of the 
eyes and brain 

• Tuberculosis (TB). A bacterial lower respiratory infec
tion; can cause meningitis; occurs in immunocompetent 
individuals, but is more common and more severe in 
immunosuppressed individuals 

EMERGING AND REEMERGING 
INFECTIOUS DISEASES 

It was not so many years ago that scientists believed that 
they had infectious diseases "on the nm.'te They were 
confident that a combination of surveillance, quarantine, 
vaccines, antibiotics, and other antimicrobial agents marked 

CJn the late 1960s, based on progress that bad been made reduc
ing the incidence of infectious diseases mch as smallpox, polio, 
and rheumatic rever, the Surgeon General of the United States, 
William H. Stewart, declared that it was time to close the book 
on infectious diseases and, to instead, pay closer attention to 
chronic ailments, such as cancer and heart disease. 

the beginning of the end for pathogen-caused diseases. 
They were wrong! 

Not only do "new" (previously unknown) infectious 
diseases continue to emerge, but other infectious diseases, 
once thought to be contained or eradicated, continue to 
reemerge. Causes of emerging diseases include changes in 
human demographics and behavior; ecologic changes such 
as dams, deforestation, and climate change; increased inter
national travel; increased exposure to exotic animals; misuse 
of antibiotics and other antimicrobial agents; and breakdown 
of public health measures. The following are some of the 
infectious diseases that have emerged in the past 30 years: 

Avian influenza ("bird flu") 
Chik:ungunya virus infection 
CryptGcoa:Us gllttii infection 
Cryptosporidiosis 
Dengue fever and dengue hemorrhagic fever 
E. coli 0157 infections (including hemolytic uremic 

syndrome) 
Ebola hemorrhagic fever 
Hantavirus pulmonary syndrome 
Hendra virus infection 
HIV infection and AIDS 
Human monkeypox 
Lassa fever 
Legionellosis 
Lyme disease 
Marburg hemorrhagic fever 
Middle East respiratory syndrome (MERS) 
Nipah virus encephalitis 
Severe acute respiratory syndrome (SARS) 
Variant Creutzfeldt-Jakob disease 
West Nile virus encephalitis 
Zik:a virus infection 

Causes of reemerging infectious diseases include 
pathogen mutations and genetic recombinations, acquired 
drug resistance, decreased compliance with vaccination 
policies and other breakdowns in public health measures, 
population shifts, war and civil conflicts, famine, floods, 
droughts, and biotelTorism. Infectious diseases that 
have reemerged or shown up in new geographic areas 
in recent years include chik:ungunya, cholera, dengue 
fever, diphtheria, malaria, Rift Valley fever, TB, West 
Nile encephalitis, yellow fever, Zika. virus, and infections 
caused by methicillin-resistantS. aurew and other "superbugs." 

The journal, Emerging Infectious Diseases, published 
monthly by the CDC, is av:ailable at no cost at http://www. 
cdc.gov/ncidod/EID/indeLhtm. 

POSSIBLE RELATIONSHIPS BETWEEN 
DISEASE STATES AND OUR MICROBIOME 

"We tend to think that we are exclusively a product of our 
own cells, upwards of ten trillion of them. But the microbes 
we harbor add another 100 trillion cells into the mix ... And 
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SOMETHING 
TO THINK 
ABOUT 

"'Climatic factors influence the emer
gence and reemergence of Infectious 

diseases, in addition to multiple hu
man, biological, and ecological deter
minants. Climatologists have identified 
upward trends in global temperatures 

and now estimate an unpracedented rise 
of 2.0°0 by the year 2100. Of major concern is that 
these changes can affect the introduction and dis
semination of many serious infectious diseases. 

"The incidence of mosquito-borne diseases, in
cluding malaria, dengue, and viral encephalitides, 
are among those diseases most sensitive to ell
mate. Climate change would directly affect disease 
transmission by shifting the vector's geographic 
range and increasing reproductive and biting rates 
and by shortening the pathogen incubation period. 
Climate-related increases in sea surface temperature 
and sea level can lead to higher Incidence of wa
ter-borne infectious and toxin-related illnesses, such 
as cholera and shellfish poisoning. Human migration 
and damage to health infrastructures from the pro
jected increase in climate variability could indirectly 
contribute to disease transmission. Human suscep
tibility to infections might be further compounded by 
malnutrition due to climate stress on agriculture and 
potential alterations in the human immune system 
caused by increased ftux of ultraviolet radiation. • 
(Patz JA, et al. Global climate change and emerging 
infections. JAMA 1996;275:217 -223.) 

while our 21,000 or so human genes help make us who we 
are, our resident microbes possess another eight million 
or so genes, many of which collaborate behind the scenes 
handling food, tinkering with the immune system, turning 
human genes on and~ and otherwise helping us function ... 
Microbes inhabit almost every comer of the body ... all tnld 
more than 10,000 species ... But the real news is that the 
microbial community ma.kes a significant difference in how 
we live and even how we think and feel." Unfortunately, our 
microbiome has been under attack ever since the dawn of 
the antibiotic era. Whenever we receive antibiotics, "good" 
bacteria are killed, along with the "bad" bacteria. In addition 
tn antibiotics, our microbiome has been altered as a result of 
our obsession with cleanliness and antibacterial soaps, lotions, 
household cleaners, and other products. "Recent studies have 
linked changes in the microbiome to some of the most pressing 
medical problems of our time, including obesity, allergies, 
diabetes, bowel disorders, and even psychiatric problems 
like autism, schizophrenia, and depression ••. Researchers 
generally can't say for sure if changes in the microbiome cause 
certain conditions, or merely occur as a consequence of those 
conditions." Additional research into possible relationships 
between us and our microbiome is obviously needed, and we 
must come tn realize that we and our microbes are intimate 
partners that clearly influence our daily lives. (Quoted ma
terial is from Coniff R. Microbes: the trillions of creatures 
governing your health. Smithsonianmag.com. May 2013 .) 

oN A he Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• Increase Your Knowledge 
• Additional Self-Assessment Exercises 



Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

1. Otitis media is an inflammation or infection of the: 
a. ear 
b. eye 
c. brain 
d. urinary bladder 

2. Keratitis is an inflammation or infection of the: 
a. conjunctiva 
b. cornea 
c. kidney 
d. skin 

3. Which of the following is/are the most common 
cause of pharyngitis? 
a. E. coli 
b. S. aureus 
c. S. pyogenes 
d. viruses 

4. Which of the following Ia the most common cause 
of tooth decay? 
a. S. aureus 
b. S. aga/act/ae 
c. S. mutans 
d . s. pyogenes 

An infection of the urinary bladder is known as: 
a. cystitis 
b. pyelonephritis 
c. ureteritis 
d. urethritis 
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• The most common cause of cystitis is: 
a. C. albicans 
b. E. coli 
c. S. epidermidis 
d. S. saprophyticus 

7. The most common cause of urethritis is: 
a. C. trachomatis 
b. E. coli 
c. M. pneumoniae 
d . s. 8UieUS 

a. Which of the following terms means swollen lymph 
glands? 
a. lymphadenitis 
b. lymphadenopathy 
c. lymphangitis 
d. lymphltls 

9. Inflammation or infection of the brain is called: 
a. encephalitis 
b. meningitis 
c. myelitis 
d. otitis externa 

10. Which of the following Is not one of the three most 
common causes of bacterial meningitis? 
a. E. coli 
b. H. influenzae 
c. N. meningitidis 
d. S. pneumoniae 
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INTRODUCTION 

It would be impossible in a book of this size to describe all 
of the human infectious diseases caused by viruses. Thus, 
only selected viral diseases are described in this chapter. 

Certain of the viral diseases described in this chapter 
are nationally notifiable infectious diseases; that is, when 
a patient is diagnosed with one of these diseases in the 
United States, the information must be reported to the 
Centers for Disease Control and Prevention • .As o£2017, 
there were approximately 25 nationally notifiable viral 
diseases (see Table 18-1). Most of them are described 

STUDY AID 
What to Learn? 

This chapter contains a large amou 
of Information. Of primary 
Importance will be your abil
Ity to later recall the name 

Vira1Di8e8se 

Arthropod-borne viral (al'Dovlral) diseases 

of the virus that causes a particular viral disease and 
the manner in which the disease is transmitted. If 
applicable, you should be able to state the vector 
that is involved in the transmission of the disease. 
For example, if your teacher says "dengue fever, • 
you should be able to state the name of the virus 
that causes the disease (dengue virus), the manner 
in which dengue fever is transmitted (mosquito bite), 
and the vector that is involved in the transmission of 
dengue fever (mosquitoes in the genus Aedes}. 

in this chapter, as are some viral diseases that are not 
nationally notifiable. 

HOW DO VIRUSES CAUSE DISEASE? 

Recall from Chapter 4 that viruses can infect only the cells 
bearing appropriate surface receptors (i.e., sur:&ce receptors 
that the virus is able to recognize and bind to). Thus, viruses 
are specific as to the type of cell(s) that they can infect. For 
this reason, certain viruses cause only respiratory infections, 
whereas others cause only gastrointestinal infections, and so on. 

Number of New U.S. Cases 
Reported to the CDC in 2014• 

Encephalitis caused by members of the california serogroup 
Eastern equine encephalitis 

85 
8 
7 

10 
1,347 

0 
680 

Powassan virus encephalitis 
St. Louis encephalitis 
West Nile virus encephalitis 
Western equine encephalitis 

Dengue fever 
Hantavirus pulmonary syndrome 
Hepatitis A 
Hepatitis B 
Hepatitis C 
HIV diagnosis 
Influenza-associated pediabic mortality 
Measles 
Mumps 
Poliomyelitis 
Rabies, human 
Rubella 
SARS 
Smallpox 
Varicella (chickenpox) 
Viral hemorrhagic fevers 
Yellow fever 

32 
1,239 
2,791 
2,204 

35,606 
141 
667 

1,223 
0 
1 
6 
0 
0 

10,172 
5 
0 

"These figures prolllde lntlght u to how frequently 1tle&& dlseues occur In 1he UnHed States. For updated Inform a· 
11on, go 10 1tle CDC website; click on "Mort:lldlty & Mortality Weekly Report", then click on "Natl!lable Diseases", and 
flnally click on the most recent year that Is llstad. 

CDC, Centers for Disease Control and Prevention; SARS, severe acute respiratory syndrome. 
Soui'Cfl: http://www.cdc.gov. 



Vuuses multiply within host celis, and it is during their 
escape from those cell5-by either cell lysis or budding-that 
the host cells are destroyed. This cell destruction leads to most 
of the symptoms of the viral infection, which vary depending 
on the location of the infection. Other symptoms are the 
result of immunologic injury (i.e., injwy thatresults from the 
immune response to the viral pathogen). In the case of the 
acquired immunodeficiency syndrome (AIDS) virus (humm 
immunodeficiency virus [HIV]), the virus destroys cells of 
the immune system. This renders the patient unable to w.ttd 
off various viral, bacterial, fungal, and parasitic pathogens. 
The death of AIDS patient results from overwhelming 
infections caused by these pathogens. 

VIRAL INFECTIONS OF THE SKIN 

VIrUSes are responsible for causing a wide range of infections 
with skin manifestations. Many, like hand-foot-mouth 
disease (Fig. 18-3), are caused by enteroviruses. Measles and 
chickenpox (varicella) are typically childhood diseases that 
are now less common because of vaccination. Table 18-2 
lists information pertaining to viral infections of the skin. 

MIB1N 

Disease 

Chickenpox and shingles. (a) Chickenpox (also known as var
Icella) Is an acute, generalized viral Infection, with fever and 
a skin rash (Fig. 18-1). Vesicles also fonn In mucous mem
branes. It Is usually a mild, self-limiting disease, but can be 
severely damaging to a fetus. Serious complications incfude 
pneumonia, secondary bacterial infections, hemorrhagic 
complications, and encttphalitis. Reye (pronounced "rize") 
syndrome (a severe encephalomyelitis with liver damage) 
may follow clinical chickenpox if aspirin is given to children 
younger than 16 years. Chickenpox is the leading cause of 
vaccine-preventable death In the United States. (b) Shingles 
(also known as herpes zoster) Is a reactivation of the varicella 
virus, often the niiSUit of Immunosuppression. Shingles In
volves inflammation of sensory ganglia of cutaneous sensory 
nerves, producing fluid-filled blisters, pain, and paresthesia 
(numbness and tingling). Shingles may oOCtJr at any age, but 
is most common after age 50. 

Patient care. Use Airborne and Contact Precautions for hospi
talized patients until thefr lesions become dry and crusted. 

Gennan measles (nlbella). German measles Is a mild, febrile 
viral disease. A fine, pinkish, flat rash begins 1 or 2 days after 
the onset of symptoms (Fig. 18-2). The rash starts on the 
face and neck and spreads to the trunk, anna, and legs. Ru
bella ia a milder disease than hard measles with fewer com
plications. If acquired during the first trimester of pregnancy, 
rubella may cause congenital rubella syndrome in the fetus. 
This can lead to inb'auterine death, spontaneous abortion, or 
congenital malfonnations of major organ systems. 

Patient care. Use Droplet Precautions for hospitalized patients 
until 7 days after the onset of rash. 
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STUDY AID 
Beware of Similar-Sounding 
Names 

Do not confuse varicella, variola, and 
vaccinia viruses. Varicella virus (which 
is a type of herpes virus} is the cause 
of chickenpox. Variola virus is the cause of smallpox 
and is often referred to as smallpox virus. Vaccinia 
virus is the cause of cowpox; it is used to make the 
vaccine that protects against smallpox. The words 
vaccine and vaccination are derived from vacca, Latin 
for cow. 

VIRAL INFECTIONS OF THE EARS 

VIrUSes can cause otitis media (middle ear infection) either by 
themselves or most commonly in association with bacterial 
pathogens. A viral respiratory infection often precedes the 
development of otitis media. The most common viruses 

Addllonallnfonnatlon 

Pathogen. Chickenpox and shingles are caused by varicel
la-zoster virus ~; a het'J)eS virus (family Herpesvlrldae) 
that Is also known as human herpesvirus 3; a DNA virus. 

Reeervoi11J and mode of tnmsmleelon. Infected humans 
serve as reservoirs. Transmission is from person to person 
by direct contact or droplet or airborne spread of vesicle 
fluid or secretions of the respiratory system of persons 
with chickenpox. 

Laboratory diagnosis. Diagnosis is usually made on clini
cal and epidemiologic grounds. lmmunodiagnostic and 
molecular diagnostic procedures are available, as Is cell 
culture. 

Pathog•. Rubella Is caused by rubella virus, an RNA virus In 
the family Togavlrldae. 

Reaervolra and mode of tnmsmleelon. Infected humans 
serve as reservoirs. Tranamlaalon occurs by droplet spread 
or direct contact with nasopharyngeal aecretiona of in
fected people. 

Laboratory diagnosis. lmmunodiagnostic and molecular 
diagnostic procedures ara available for the diagnosis of 
rubella. lhe virus can be propagated in cell culture. 

(continued) 
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Viral Infections of the Skin (continuedj 

Disease Addltlonallnformatlon 

Hand, foot, and mouth disease (HFMD). Hand, foot, and 
mouth disease Is a common viral Illness that usually affects 
Infants and children younger than 5 yeers, although It can 
be found occasionally In older children and adults. It starts 
with a fever, sore throat, and malaise. One or two days after 
the fever starts, painful sores can develop in the mouth. 
The mouth sores begin in the back of the mouth as small 
red spots that blister and can become ulcers. A skin rash 
with red spots may also develop over the next few days on 
the palms of the hands and soles of the feet {Fig. 18-3). It 
can appear on other areas of the body. In rare Instances, an 
aseptic meningitis can ocx:ur. 

Measles (hard measles, rubeola). Measles Is an acute, highly 
communicable viral disease with fever, conjunctivitis, cough, 
photosensitivity Olght sensitivity), Kopllk spots In the mouth, 
and rad blotchy akin rash (Fig. 1 8-4). Koplik spots are small 
red apota, in the canter of which can be seen a minute bluish 
white speck when observed under a strong light (Fig. 18-5). 
The rash begins on the face between days 3 and 7 and then 
becomes generalized. Complications include bronchitis, 
pneumonia, otitis media, and encephalitis. Rarely, autoim
mune, subacute, sclerosing panencephalllls (SSPE) may fol
low a latent period of several years. SSPE Ia characterized by 
gradual progressive psychoneurologic deterioration, includ
ing peraonality changes, seizures, photosensitivity, ocular 
abnormalitiae, and coma. 

Patient cant. Use Airborne Precautions for hospitalized patients 
until 4 days after the onset of rash. 

Smallpox. Smallpox is a systemic viral infection with fever, 
malaise, headache, prostration, severe backache, a charac
teristic skin rash (refer back to Fig. 11-12 In Chapter 11), and 
occasional abdominal pain and vomiting. The rash Is similar 
to, and must be distinguished from, the rash of chickenpox. 
Smallpox can become severe, with bleeding into the skin and 
mucous membranes, followed by death. 

Patient care. Use Airborne and Contact Precautions for hospi
talized patients until all scabs have crusted and separated 
{3-4 weeks). Use N95 or higher respiratory protection. 

Wa118. Warts consist of many varieties of skin and mucous 
membrane laelons, Including common warts (verrucae vul
garis), venereal warts, and plantar warts. Moat are harmless, 
but some can become cancerous. Venereal or genital warts 
are discussed in more detail later in the chapter. 

Pathogen. HFMD is usually caused by Coxsackie A16 and 
Enterovirus 71. These are RNA viruses In the Enterovlrtdae 
family. 

Reeervolre and mode of tranemlalon. Infected humans 
serves as the reservoir. Transmission ocx:urs through close 
personal contact, respiratory secretions, contact with 
feces, or contaminated objects. 

Laboratory diagnosis. Diagnosis is most often made on the 
basis of clinical appearance. In casas of complications 
such as aseptic meningitis, specimens can be tested by 
molecular diagnostic procedures or cell culture. 

Pathogen. Measles Is caused by measles virus (also 
known as rubeola virus). It Is an RNA virus In the family 
Paramyxovlridae. 

Raeervolrs and mode of tranemlalon. Infected humans 
serve aa reservoirs. Airborne transmiaaian occurs by drop
let spread and direct contact with nasal or throat secre
tions of infected persons or with articles frashly soiled with 
nose and throat secretions. 

Laboratory diagnosis. Diagnosis of measles Is usually made 
on clinical and epidemiologic grounds. lmmunocllagnostlc 
and molecular diagnostic procedures are available, and 
the virus can be isolated in cell culture. 

Pathogen. Smallpox is caused by two strains of variola virus: 
variola minor (with a fatality rate <1 %) and variola ma;or 
{with a fatality rate 20%-40% or higher). Variola virus Is a 
double-stranded DNA virus In the genus Orthopoxvlrus, 
family Poxviridae. Smallpox virus is a potential biologic 
warfare and bioterrorism agent. 

Reservoirs and mode of transmission. Before smallpox was 
eradicated, infected humans were the only source of the 
virus. There are no known animal or environmental reser
voirs. Person-to-person transmission is via the respiratory 
tract (droplet spread) or skin Inoculation. Patients are most 
contagious before eruption of the rash, by aerosol droplets 
from oropharyngeal lesions. 

Laboratory dlagnoela. Because of the potential danger of the 
use of smallpox virus as a bioterrorism agent, physicians 
must become familiar with the clinical and epidemiologic 
features of smallpox and how to distinguish smallpox from 
chickenpox. Laboratory diagnosis is by cell culture, virus 
neutralization tests, molecular diagnostic procedures, or 
electron microscopy. These procedures are performed only 
In blosafet:y level4 facilities. 

Pathogene. Warts are caused by at least 70 types of 
human paplllomavlrusae. They are classified In the genua 
PapiHomavirus within the family Papovaviridae. They are 
DNA viruses. 

R ... rvoirs and mode of transmission. Infected humans 
serve as reservoirs. Transmission usually occurs by direct 
contact. Genital warts are sexually transmitted. They are 
easily spread from one area of the body to another, but 
most are not very contagious from person to person (geni-
tal warts are an exception). J 

Laboratory dlagno81e. Diagnosis is made on clinical grounds. 



Figure 18-1. Chickenpox with lesions at all stages of de
velopment. (From HaNey RA, et al. Uppincott's 1/fustlat.ed 
Reviews: Microbiology. 3rd ed. Philadelphia, PA: Upplncott 
Williams & Wilkins; 2013.) 

Figura 18·2. Child with rubella. The lesions are not as 
intensely red as those of measles. (Provided by the CDC.) 

Chapter 18 • Viral Infections of Humans 341 

Figure 18·3. Child with hand, foot, and mouth dlsea88. 
(Provided by the CDC.) 

Figure 18·4. Child with measles. {Provided by the CDC.) 

Figure 18-5. Koplik spots. Koplik spots, which appear on 
the inner membrane of the cheek, are an early sign of measles; 
they usually appear prior to the onset of skin rash. Kopllk 
spots are Irregularly shaped, bright red spots, often having a 
bluish white central dot. (From Harvey RA, et al. Lippincott's 
Illustrated Reviews: Microbiology. 2nd ed. Philadelphia, PA: 
Lippincott Williams&. Wilkins; 2007.) 
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detected in middle ear fluid are respiratory syncytial virus 
(RSV), rhinovirus/enterovirus, influenza viruses, human 
metapneum.ovi.rus, and adenovi.ruses. Information about 
viral and bacterial ear infections can be found in Table 19-3. 

VIRAL INFECTIONS OF THE EYES 

Refer to Figure 17-4 for a review of the anatomy of the eye. 
Keratitis or infection of the cornea is commonly caused by 
herpes simplex virus (HSV), although other viruses can also 
cause the condition. Conjunctivitis can have viral and bacterial 
etiologies or can be noninfectious in nature.Adenoviruses 
are the most common viral cause of conjunctivitis. In some 
instances, both the cornea and conjunctiva are infected 
simultaneously. This is referred to as keratoconjunctivitis. 
Treatment of ocular viral infections often includes topical 
eye drops with various antiviral agents. Table 18-3 lists 
information about viral infections of the eyes. 

Viral Infections of the Eyes 

Disease 

Conjunctivitia, keratitia, and keratoconjunctivitia. ThBSe are 
acute viral diseases of one or both eyes, associated with 
inflammation of the conjunctiva, edema of the eyelids and 
periorbital tissue. pain, photophobia, and blurred vision. 
Keratitis Involves the comea and can result In permanent 
scatTing of the cornea In severe cases. 

Patient care. Use Contact Pni~Cautlons for hospitalized patients 
for the duration of the illn888. 

HemoiThaglc conjunctivitis. This viral disease has a sudden 
onset, with redness, swelling, and pain In one or both eyes. 
Small, discrete subconjunctival hemormages may enlarge to 
form confluent subconjunctival hemorrhages. One adenoviral 
syndrome, called pharyngoconjunctival fever, is character
ized by upper n~Spiratory disease, fever, and minor degrees 
of comeal epithelial inflammation. 

Patient care. Use Contact Precautions for hospitalized patients 
for the duration of the Illness. 

Uveitis and retlnltle. Inflammation of the eye (refer to Fig. 17 -4) 
has many manifestations depending on the site of the Infec
tion (anterior or posterior structunils of the eye). Infections 
may result in loss of vision acuity or even blindn688. Diagno
sis is by ophthalmologic examination. 

VIRAL INFECTIONS OF THE RESPIRATORY 
SYSTEM 

Vlrallnfacllons at the Upper Respiratory 'D'act 

The Common Cold (Acute VIral Rhlnllls and 
Acute Coryza) 
Disuse. The common cold is a viral infection of the 
lining of the nose, sinuses, throat, and large airways. 
Symptoms include coryza (profuse discharge from 
nostrils), sneezing, runny eyes, sore throat, chills, and 
malaise. Additionally, laryngitis, tracheitis, or bronchitis 
may accompany a cold. Secondary bacterial infections, 
including sinusitis and otitis media, may follow. The 
common cold occurs most frequently in fall, winter, and 
spring. On average, most people have one to six colds 
annually. It is not a nationally notifiable disease in the 
United States. 

Additional Information 

Pathogena. Adenoviral conjunctivitis and keratoconjunctivitis 
are caused by various types of adenoviruses. Herpes sim
plex viruses most often cause keratitis but can also cause 
keratoconjunctivitis. 

Reservoh and mode of transmission. Infected humans serve 
as reservoirs. Transmission occurs via direct contact wtth 
eye sectGtlons or contact with contaminated surfaces, Instru
ments, or solutions. People with viral infections (e.g., cold 
acres) should wash their hands thoroughly before inserting or 
removing contact lenses or otherwise touching their eyes. 

Laboratory diqnosis. Diagnosis is made by cell culture, 
immunodiagnostic, or molecular diagnostic procedures. 
Keratitis Is often diagnostically clinically by ophthalmology 
examination. 

Pathogens. Hemonhaglc conJunctivitis Is caused by adenovl
ruses and enterovlruses. 

R ... rvoll'8 and mode of tranemleelon. Infected humans 
serve as raservoira. Transmission occura by diniCt or in
direct contact with discharge from infected eyes. Adenovi
rus transmission may be associated with poorly chlorinated 
swimming pools; this "swimming pool conjunctivitis" can 
reach epidemic proportions. 

Laboratory diagnosis. Diagnosis Is made by cell culture, lm
munodlagnostlc, or molecular diagnostic procedures. 

Pathogene. Retinitis caused by cytomegalovirus Is one of the 
most common AIDS deftnlng Infections In HIV-posltfve Indi
viduals. Other causes of uveitis and retinitis Include herpes 
simplex and herpes zoster viruses, West Nile virus, Ebola 
virus, and Zika virus. Bacterial infections such as syphilis 
and tuberculosis can affect the eye, as can various fungal 
infections. The parasite Toxoplasma gondii is a relatively 
common cause of uveitis. 

Laboratory diagnosis. Specimens submitted by the ophthal
mologist can be examined by bacterial and fungal culture 
and molecular diagnostic procedures. 



Patient care. Use Droplet Precautions for hospitalized 
patients. 

Pathogens. Many different viruses cause colds. Rhinoviruses, 
of which there are more than 100 serotypes, are the 
major cause in adults. Other cold-causing viruses include 
coronaviruses, parainfluenza viruses, R.Sv, influenza viruses, 
adenoviruses, and enteroviruses. 

Resert10lts and Mode of»ansmlsslon. Infected humans 
serve as rese.rvo.irs of infection. Transmission is via respiratory 
secretions by way of hands and fomites or direct contact 
with or inhalation of airborne droplets. 

Laboratory Diagnosis. Laboratory diagnosis of the common 
cold is usually not required, but cell culture techniques can 
often demonstrate the specific viral pathogen, and many of 
the viruses responsible for causing the common cold can 
be identified with molecular-based panels for diagnosing 
respiratory infections. 

STUDY AID 
The Common Cold 
versus the Flu 

Colds and Influenza are both 
respiratory diseases. Both 
are caused by viruses, but 
by quite different viruses. Actually, there are about 
200 different viruses that can cause colds (they were 
mentioned earlier). Having a cold caused by one cold 
virus does not offer any protection from the many 
other cold viruses. Influenza (flu), on the other hand, 
is caused only by influenza viruses, but there are sev
eral kinds of influenza viruses (e.g., influenza A, influ
enza B, and influenza C). Lifelong immunity usually 
follows influenza, but only against the particular strain 
of influenza virus that caused the infection. Symp
toms of the common cold include sore throat, sneez
ing, a runny nose, nasal congestion, and sometimes 
a headache. People with a cold may experience 
muscle aches and fatigue. They usually do not have 
a fever, although they may at times feel chilled. Flu 
symptoms include high fever and chills, cough, head
ache, muscle aches (sometimes severe), and extreme 
fatigue. Patients may also experience a sore throat, 
runny nose, vomiting, and diarrhea. Although a flu 
vaccine is available, and should be taken annually, it 
does not protect against all strains of influenza virus. 
There is no vaccine to prevent colds. 
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Infections of the 1.8wer Respiratory Tract 
Having Multiple Causes 
Information pertaining to infections of the lower respiratory 
tract having multiple causes can be found in Chapter 19. 

VIral Infections of the Lower Respiratory nact 
Table 18-4lists information pertaining to viral infections 
of the lower respiratory tract. 

VIRAL INFECTIONS OF THE ORAL REGION 

Cold Sores (Fever Blisters and Herpes Lablalls) 
Cold sores are superficial clear vesicles on an erythematous 
(reddened) base, which may appear on the face or lips (refer 
back to Fig. 14-2). They crust and heal within a few days. 
Reactivation may be caused by trauma, fever (hence the 
name), physiologic changes, or disease. The infection may 
be severe and extensive in immunosuppressed .individuals. 

HISTORICAL 
NO -= 
Tbe World's Worst Influenza 
Pandemic 

The 1918 to 1919 Spanish flu 
pandemic (also known as the 
swine flu pandemic) killed an 

estimated 50 million people 
worldwide-between 2.5% 
and 5% of the world popula
tion, including 675,000 deaths 

in the U.S. The pandemic killed 
between 2% and 20% of those infected compared 
with a mortality rate of about 0.1% for modem-day 
flu epidemics. Whereas most victims of modern-day 
flu epidemics are very young, very old, and immuno
suppressed people, the 1918 to 1919 pandemic killed 
primarily healthy young adults. Scientists have recov
ered the virus {designated A/1-11 N1) that caused the 
pandemic from frozen tissue samples and are cur
rently studying it. They have discovered that the virus 
kills by causing an overreaction of the body's immune 
system. This could explain why healthy young adults 
with strong immune systems were affected to a 
greater extent than those with weaker immune sys
tems-very young, very old, and immunosuppressed 
individuals. 
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Viral Infections of the Lower Respiratory Tract 

Dieeaee Additionallnformation 

Acute, febrile, viral respiratory dlaeaae. This disease Is 
characterized by fever and one or more of the following sys
temic reactions: chills, headache, general aching, malaise, 
anorexia, and sometimes Gl disturbances in infants. The 
disease may include rhinitis, pharyngitis, tonsillitis, laryngi
tis, bronchitis, pneumonia, conjunctivitis, otitis media, and/ 
or sinusitis. Acute, febrile, viral respiratory diseases are not 
nationally notifiable diseases In the United States. 

Patient care. Use Standard Precautions for adult patients; add 
Contact Precautions for infants and young childmn for the 
duration of the illness. 

HantaviNs pulmonary syndrome (HPS). HPS is an acute viral 
disease characterized by fever, myalglas (muscular pain), 
Gl complaints, cough, difficulty breathing, and hypotension 
(decreased blood pressui'Q). The Sin Nombi'Q virus-literally, 
the "virus with no name" -was the cause of the epidemic 
that occurred in the Four Corners area of the United States 
in the spring and summer of 1993. Since then, sporadic 
cases have been n~ported in many states as well as in 
South America. 

Patient care. Use Standard Pracautions for hospitalized 
patients. 

Influenza (ftu). Influenza Is an acute, viral respiratory Infection 
with fever, chills, headache, aches, and pains throughout 
the body (moat pronounced In the back and legs), som 
throat, cough, and nasal drainage. Influenza sometimes 
causing bronchitis, pneumonia, and death in severe cases. 
Nausea, vomiting, and diarrf'lea may occur, particularly in 
children. Although the term stomach flu is often heard, influ
enza viruses rarely cause Gl symptoms. Stomach flu, also 
known as the 24-hour ftu, Is caused by viruses other than 
lnftuenza viruses. 

Patient care. Use Droplet Precautions tor hospitalized pa
tients, usually for 5 days from the onset of symptoms. 

Pathogen. Acute, febrile, viral respiratory disease can be 
caused by one of many viruses, including parainfluenza 
viruses, RSV, human metapneumovirus, adenovirus, rhino
viruses, certain coronaviruses, coxsackieviruses, and echo
viruses. RSV is the major viral respiratory tract pathogen of 
early infancy. RSV may cause pneumonia, croup, bronchitis, 
otitis media, and death. 

Reeervolre and mode of transmission. Infected humans 
serve as reservoirs. Transmission occurs via dii'Qct oral 
contact or by droplets; indii'QCtly via handkerchiefs, eating 
utensils, or other fomites; or for some viruses, via the fecal
oral route. 

Laboratory diagnosis. Diagnosis is made by isolation of the 
etiologic agent from respiratory secretions, using cell cul
tures. lmmunodiagnostic and molecular diagnostic proced
ures are available. 

Pathogens. At least five hantaviruses (Sin Nombra, Bayou, 
Black Creek Canal, New York-1, and Monongahela) have 
caused HPS In the United States. Other strains have caused 
HPS In South America. 

Reeervolrs and mode of tranamlalon. Rodents, including 
deer mice, pack rats, and chipmunks, serve aa reservoirs. 
Transmission occurs via inhalation of aerosolized rodent 
feces, urine, and saliva. Person-~J*llon transmission 
does not occur. 

Laboratory diagnosis. HPS can be diagnosed by immunodi
agnostlc and molecular procedures and by cell culture. 

Pathogens. Influenza Is caused by lnftuenza viruses types A. 
B, and C. They are single-stranded RNA viruses In the fam
Ily Orthomyxovlrus. Influenza A virus cause sevei'Q symp
toms and is associated with pandemics and sevem disease 
and more localized outbmaks. Influenza C virus usually 
does not cause epidemics or significant disease. 

Reservoirs and mode of vansmission. Infected humans 
are the primary reservoir; pigs and birds also serve as 
reservoirs. Beeause pig cells have receptors for both 
avian and human strains of Influenza virus, pigs serve 
as "mixing bowls, • resulting In new strains containing 
RNA segments from both avian and human strains. It is 
thought that the 1918 pandemic was caused by an avian 
influenza virus that jumped directly from birds to humans. 
Transmission occurs via airborne spread and dimct 
contact. 

Laboratory diagnosis. Influenza is diagnosed by isolation 
of Influenza virus from pharyngeal or nasal secretions or 
washings using cell culture techniques, antigen detection, 
and demonstration of a rise in antibody titer (concentration) 
between acute and convalescent sera (see Chapter 18), or 
by molecular diagnostic procedures. 

Note: Additional infonnation about influenza can be found on 
Poi'lt. 
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Viral Infections of the Lower Respiratory Tract (continued) 

Dieeaee 

Avian Influenza (bird ftu). Avian Influenza, commonly referred 
to as bird flu, is primarily a diseaae of birds, but can cause 
human disease. In humans, the virus causes a respiratory 
infection with manifestations ranging from influenza-like 
symptoms (fever, cough, sore throat, and muscle aches) to 
eye infections, pneumonia, acute and severe respiratory dis
tress, and other severe and life-threatening complications. 

Patient care. Use Droplet Precautions tor hospitalized patients 
(for more Information, see hHp://www.cdc.gov/flu/avlan/pro
fessiona!linfect-control.htm). 

Miclclle East respiratory syndrome (MERS). MERS is a vi-
ral respiratory Illness with high fever, chills, headache, a 
general feeling of discomfort, body aches, and sometimes 
dlanhea. MERS was flrst reported In Saudi Arabia In 2012. 
Over the next few months, the illness spread to a number 
of countries through air travel, including two cases in the 
United States. Most infections of MERS continue to be seen 
in counbies in and adjacent to the Arabian Peninsula. 

Patient care. Use Standard, Contact, and Airborne Precau
tions for hospitalized patients for the duration of the illness. 
Use N95 or higher respiratory protection and eye protection 
(for more Information, see hHp://www.cdc.gov/coronavlrusl 
me181lnfectlon-preventlon-control.htmQ. 

Aclditionallnfonnation 

Pathogene. Bird flu Is caused by avian Influenza virus type A. 
The three prominent subtypes of the virus are designated 
H5, H7, and H9. The strain known as H5N1 is the most viru
lent strain. New strains of bird flu virus continue to emerge. 

Reservoirs and mode of vansmia.ion. Infected wild and 
domesticated birds serve as reservoirs. Bird-to-human 
transmission occurs VIa contact wfth Infected poultry or 
surfaces that have been contaminated with excretions from 
Infected birds. Person-to-person transmissions are relatively 
rare. However, influenza virusas commonly mutate, and 
increased instances of person-to-person transmission are 
likely to occur in the future. 

Laboratory diagnosis. Molecular diagnostic procedures or cell 
culture are the means of diagnosis. 

Note: Additional information about bird flu can be found on 
Po "'it. 

Pathogen. MERS is caused by MERS-associated coronavirus 
(MERS-CoV) (Fig. 18~). 

Reaervolra and mode of transml81ton. Camels are the sus
pected reservoirs for the Infection. Infected persons can 
also serve as reservoirs. Transmission occurs by respira
tory droplets or by touching the mouth, nose, or eye after 
touching a contaminated surlace or object. Many MERS 
infections have occurred in health care workers taking care 
of MERS-infected patients. 

Laboratory diagnosis. lmmunodiagnostic or molecular diag
nostic procedures can be used to diagnose MERS. 

Gl, gae1rolntes11nal, RSV. respiratory *YitcyUal vlru$; HPS, hantavii'U$ pulmonary syndrome. 

Cold sores are usually caused by HSV type 1. although 
they can also be caused by HSV type 2. HSV-1 and HSV-2 
are also known as human herpes virus 1 and human herpes 
virus 2. respedively. They are DNA viruses in the family 

Figure 18-e. Coronavfrue wtone. Notice the crown-like 
halo surrounding each VIrion, which glvas rise to the con:ma In 
coronsvirus. (Provided by the National Institute of Allergy and 
Infectious Diseases and the CDC.) 

Herpesviridae. Either of these viruses may also infect the 
genital tract, although genital herpes infections are most 
often caused by HSV-2. 

VIRAL INFECTIONS OF THE 
GASTROINTESTINAL TRACT 

lnfactlons of the &aslrolntestlnal Tract 
Having Multiple causes 

Diarrhea can have many causes. It may or may not be there
sult of an infectious disease. When diarrhea is the result of an 
infectious disease, the pathogen may be a virus, a bacterium, a 
protozoan, or a hebninth. Dysentery (a severe form of diarrhea) 
may also be caused by various pathogens, including bacteria 
(e.g .• Shigella spp. cause bacillary dysentery) and protozoa (e.g .• 
those that cause amebiasis and balantidiasis; see Chapter 21 ). 

VlralliastroentarHis (VIral EnllrHis and 
VIral Dlanhea) 
Disease. Viral gastroenteritis may be an endemic or 
epidemic illness in infants, children, and adults. Symptoms 
include nausea, vomiting, diarrhea, abdominal pain, myalgia, 
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headache, malaise, and low-grade fever. Although most 
often a self-limiting disease lasting 24 to 48 hours, viral 
gastroenteritis (especially when caused by a rotavirus) 
can be fatal in an infant or young child. In developing 
countries, rotav:irus infections are responsible for more 
than 800,000 diarrheal deaths per year. Although viral 
gastroenteritis is sometimes refened to as "stomach flu" 
or "24-hour flu," keep in mind that flu is an abbreviation of 
injlumZ4, which is a respiratory disease. Viral gastroenteritis 
is not a nationally notifiable disease in the United States. 
However, norovirus is the leading cause of illness and 
outbreaks from contaminated food in the United States. 
About SO% of all outbreaks of food-related illness are 
caused by norovirus. 

Patient Cere. Use Standard Precautions for hospitalized 
patients. Add Contact Precautions for diapered or incontinent 
patients and for patients with norovirus and rotavirus 
infections. 

Ptlthogens. The most common viruses infecting children in 
their first years of life are enteric adenoviruses, astroviruses, 
caliciviruses (lnduding noroviruses), and rotaviruses. Those 
infecting children and adults include norovirus-like viruses 

Name err Disease Name and Type err VlnJs 

Type A hepatitis (also HAV, a nonenveloped, linear 
known as HAV infection, ssRNA virus in the genus 
infectious hepatitis, and Hepatovirus, family 
epidemic hepatitis) Picornaviridae 

Type B hepatitis (also known HSV. an enveloped, circular 
as HBV Infection and dsDNA virus In the genus 
serum hepautla) OrlhohepednallltUs, family 

Hepadnaviridae; the only 
DNA virus that cauaes 
hepatitis 

Type C hepatitis (also known HCV, an envelopect, linear 
as HCV Infection and ssRNA virus In the genus 
non-A, non-B hepatitis) HepacMrus, family 

Flavlvlrldae 

Type D hepatitis (also known HDV or delta virus, an 
as delta hepatitis) enveloped, circular ssRNA 

viral satellite (a defective 
RNA virus) in the genus 
Deltavirus 

Type E hepatitis HEV, a spherical, nonenvel-
oped, ssRNA virus in the 
genus Hepevlrus, family 
Hepevlrldae 

ds,dou~nded;~inbavenous;ss,~ng~nded. 

and rotavi.ruses. The incidence of rotavirus infection has 
decreased dramatically in the United States in response to 
effective immunization in early childhood. 

R~oi~andModeot»anMniss~~ lmre~dhumans 

are reservoirs of these viruses; contaminated water and 
shellfish may also be reservoirs. Transmission is most often 
via the fecal-oral route . .Airborne transmission and contact 
with contaminated fomites may cause epidemics in health 
care facilities or cruise ships. Foodborne, waterborne, and 
shellfish transmission have been reported. 

Laboratory Diagnosis. Diagnosis is by molecular-based 
assays, electron microscopic examination of stool specimens, 
or by immunodiagnostic procedures. 

Viral Hepatitis 
Hepatitis, or inflammation of the liver, can have many causes, 
including alcohol, drugs, and viruses. Viral hepatitis refers 
to hepatitis caused by any one of about a dozen different 
viruses, including hepatitis A virus (HAV), hepatitis B virus 
(HBV), hepatitis C virus (HCV), hepatitis D virus (HDV), 
and hepatitis E virus (HEV). Hepatitis can also occur as a 
result of viral diseases, such as infectious mononucleosis, 
yellow fever, and cytomegalovirus infection. See Table 18-5 

Mode of Transmission Type err Disease 

Fecal-oral transmission; Abrupt onset; varies in clinical 
person-to-person; infected severity from a mild illness 
food handlers; fecally lasting 1-2 weeks to a 
contaminated foods and severe, disabling disease 
water lasting several months; no 

chronic Infection 
Sexual or household contact Usually has an Insidious 

with an Infected person; (graduaO onset; severity 
mother to Infant before or ranges from Inapparent 
during birth; injected drug caaes to fulminating, fatal 
use; tattooing; needl• caaes; chronic infections 
sticks and ather types of occur; may lead to cir-
health C81'&-8SSOCi&ted rhosis or hepatocellular 
transmission carcinoma 

Primarily parenterally Usually an insidious onset; 
transmitted (e.g., 'via 50%-60% of patients 
blood transfusion); IV drug develop a chronic Infection; 
use and rarely sexually may lead to cirrhosis or 
transmitted hepatocellular carcinoma 

Exposure to Infected blood Usually has an abrupt onset; 
and body fluids; contamin- may progress to a chronic 
ated needles; sexual trans- and severe disease 
mission; coinfection with 
HBV is necessary 

Fecal-oral transmission; Similar to type A hepatitis; no 
primarily via fecally con- evidence of a chronic fonn 
laminated drinking water; 
also from person to person 



for information about viral types, modes of transmission. 
and types of disease. Use Standard Precautions for hospi
talized patients; add Contact Precautions for diapered or 
incontinent patients. Various immunodiagnostic procedures 
and moleailar assays are available for the diagnosis of viral 
hepatitis. 

The World Health Organization estimates that approx
imately 240 million people are chronically infected with 
HBV worldwide, that about 600.000 people die each year 
as a result ofHBV infections. and that more than 2 million 
new acute clinical cases occur annually. 

Vaccines are available for HAV and HBY. The HAV 
vaccine, which contains inactivated virus grown in cell 
culture. is recommended for people at increased risk of 
acquiring hepatitis A (including military personnel and 
others traveling to regions where HAV is endemic, ho
mosexual and bisexual men. and users of illicit drugs). The 
HBV vaccine is a subunit vaccine, produced by genetically 
engineered SIICt:htm!mJets cmvisitu (common baker~ yeast). 
At first, HBV vaccine was only recommended for persons at 
high risk of acquiring HBV infection (such as infants born 

Viral Sexually 'D'ansmitted Diseases 

Disease 

Anogenital herpes viral infections (genital herpes). In 
general. herpes simplex infections are characterized by 
a localized prima.y lesion, latency, and a tendency to 
localized recurrence. In women, the principal sites of 
prfma.y anogenltal herpes virus Infection are the cervix and 
vulva, with Neurrent disease affecting the vulva, perineal 
skin, legs, and buttocks. In men, lesions appear on the 
penis (Fig. 18-7), and in the anus and rectum of those 
engaging in anal sex. The initial symptoms are usually 
itching, tingling, and soreness, followed by a small patch 
of redness and then a group of small, painful blisters. The 
blisters break and fuse to fonn painful, circular sores, 
which become crusted after a few days. The sores heal In 
about 1 0 days but may leave scars. The Initial outbreak Is 
more painful, prolonged, and widespread than subsequent 
outbreaks and may be associated with fever. 

Patient care. Use Standard Precautions for hospitalized 
patients; add Contact Precautions for severe disseminated 
or primary mucocutaneous herpes. 

Genital warts (genital papillomatosis, condyloma 
acuminatum). Genital warts start as tiny, soft, moist, pink 
or reel swellings, which grow rapidly and may develop 
stalks. Their rough surfaces give them the appearance of 
small cauliflowers. Multiple warts often grow In the same 
ar8a, most often on the penis In men and the vulva, vaginal 
wall, cervix, and skin surrounding the vaginal area in 
women. Genital warts also develop around the anus and in 
the rectum in men or women who engage in anal sex. These 
warts can become malignant. 
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to HBV antigen-positive mothers, household contacts of 
H8V carriers. homosexual and bisexual men. and users of 
illicit drugs), but now it is routinely administered to U.S. 
children. It is required for health care workers exposed 
to blood. 

In addition to vaccination against HBV. health care 
personnel practice Standard Precautions (described in 
Chapter 12). Hepatitis B immune globulin can be given 
to unvaccinated people who have been exposed to HBV. 
perhaps by accidental needlestick: injury. 

VIRAL INFECTIONS OF THE 
GENITOURINARY SYSTEM 

Both HSV-1 and HSV-2 are capable of causing infections 
passed through semal contact. Genital warts are a common 
infection caused by a variety of polyomaviruses; some 
have been associated with cervical cancer. Information 
pertaining to viral sexually transmitted diseases is listed 
in Table 18-6. 

Addltlonallnfannaaon 

Pathogens. Genital herpes is usually caused by HSV-2, but is 
occasionally caused by HSV-1. 

Reservoirs and mode of 1ransmiS1Sion. Infected humans 
serve as reservoirs. Transmission occurs via direct sexual 
contact or oral-genital, oral-anal, or anal-genital contact 
during the presence of lesions. Mother-to-fetus or moth
er-to-neonate transmission occurs during pregnancy and 
birth. 

Laboratory diagnosis. Genital herpes is diagnosed by ob
servation of characteristic cytologic changes in tissue 
scrapings or biopsy specimens, and the presence of mul
tinucleated giant cells with intranuclear inclusions, and 
confirmation by lmmunodlagnostlc, molecular diagnostic 
procedures and cell culture. 

Pathogens. Genital warts are caused by 3o-40 types of HPV 
in the Papovaviridae family of DNA viruses (human wart 
viruses). HPV genotypes 16 and 18 have been S'lrongly 
associated wtth cervical cancer. A vaccine Is available (Gar
dasll-9) that helps protect against cancer-causing strains of 
HPV and two types of HPV that cause genital warts. 

Reeervolra and made of tranaml•lan. Infected humans 
serve as reservoirs. Transmission occurs via direct contact, 
usually sexual; through breaks in skin or mucous mem
branes; or from mother to neonate during birth. 

Laboratory diagnosis. Genital warts are usually diagnosed 
clinically. Molecular diagnostic procedures are available and I 
are used to screen for cancer-causing genotypes of HP\1. 

~------------------------------------------------------------------------------~~ 
HP\f, human papillamavin.nsee; HSV-1, herpes simplex virua1ype 1; HSV-2, herpes simplex virus type 2. 
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Rgure 18-7. Herpes simplex lesions on • penile shaft. (From 
Harvey RA, et al. Lippincott's lllustr.lt.9d Rfllliflws: Microbiology. 
3rd ed. Phlladefphla, PA: Upplncott Williams & Wilkins; 2013.} 

VIRAL INFECTIONS OF ntE 
CIRCULATORY SYSTEM 

Information pertaining to viral infections of the circulatory 
system is listed in Table 18-7. 

HIV infection and AIDS. The signs and symptoms of acute HIV 
infection Q.e., infection with "the AIDS virus"} usually occur 
within several weeks to sever.al months after infection with 
HIV. Initial symptoms Include an acute, self-limited mononu
cleosis-like Illness lasting 1 or 2 week. Unfortunately, acute 
HIV Infection Is often undiagnosed or misdiagnosed because 
anti-HIV antibodies are usually not present In a high enough 
concentration to be detected during this early phase of infec
tion. Other signs and symptoms of acute HIV infection include 
fever, rash, headache, lymphadenopathy, pharyngitis, myal
gia (musd& pain), arthralgia (joint pain), aseptic meningitis, 
retro-orbital pain, weight loss, depression, Gl distress, night 
sweats, and oral or genital ulcers. Without appropriate an
ti-HIV t7eatment, approximately 90% of HIV-Infected Individ
uals ultimately develop AIDS. AIDS Is a severe, life-threatening 
syndrome that reprasents the late clinical stage of infection 
with Hl\f. Invasion and destruction of helper T cells (see 
Chapter 18) leads to suppn!ISSion of the patient's immune sys
tem {Immunosuppression). Secondary infections caused by 
viruses (e.g., cytomegalovirus and herpes simplex), protozoa 
(e.g., Cryptosporidium and Toxoplasma}, bacteria (e.g., my
cobacteria), and/or fungi (e.g., candida, Ctyptococcus, and 
Pneumocystls) become systemic and cause death. Persons 
wtth AIDS die as a result of OVGI'Whelmlng Infections caused 
by a variety of pathogens, often opportunistic patflogens. 
Kaposi sarcoma, a previously rare type of cancer, is a frequent 
complication of AIDS, thought to be caused by a type of 
herpes virus called human herpesvirus 8. Previously consid
ered to be a universally fatal disease, certain combinations of 
drugs, refefred to as cocktails, are extending the life of some 

STUDY AID 
Viremia 

The presence of viruses in the 
bloodstream is known as viremia. 
The viruses may be either free in 
the plasma, or attached to or within 
red blood cells or white blood cells, such as 
lymphocytes and monocytes. The number of 
viruses in the bloodstream is referred to as the 
viral load, which is reported as the number of 
viral nucleic acid copies per milliliter of serum or 
plasma. The degree of viremia varies from one viral 
disease to another, and often from one stage of a 
particular viral Infection to another. VIral loads are 
used to monitor patients with HIV, hepatitis B and 
0, and the polyomavlruses BK and JO In transplant 
patients. Epstein-Barr virus and cytomegalovirus 
viral loads are also useful In diagnosing Infection 
caused by these two herpes viruses because both 
are latent viruses where simple detection may not 
signify that the virus Is causing disease. 

Additional Information 

Pathogens. AIDS is caused by HIV (referback to Fig. 4-11). 
Two types have been identified: type 1 (HIV-1), which is 
the most common type, and type 2 (HIV-2}. HIV viruses 
are single-stranded RNA viruses In the family Retrovfrldae 
(retroviruses}. 

Reaervol,. and mode of tranemleelon. Infected humans serve 
as reservoirs. Transmission occurs vfa direct sexual contact 
(homosexual or hsterosexuaO; sharing of conbuninated nee
dles and syringes by intravenous drug abusers; transfusion 
of contaminated blood and blood products; transplacental 
transfer from mother to child; breastfeeding by HIV-infected 
mothers; transplantation of HIV-infected tissues or organs; 
and needlestlck, scalpel, and broken glass InJuries (Fig. 18-8). 
There Is no evidence of HIV transmission via bllfng Insects. 
Most likely, HIV-1 first Invades dendritic cells In the genital I 
and oral mucosa. These cells then fuse with CD4+ lympho
cytes (helper T cells) and spread to deeper tissues. 

Laboratory diagnosis. lmmunodiagnostic procedures are avail
able for dstection of antigen and antibodies. Most HIV-infected 
patients develop detectable antibodies within 1-3 montfls 
after infection. However, tflere may be a more prolonged inter
val of up to 6 months, or even longer In some cases. The most 
commonly used screening test Is an enzyme-linked lmmuno
sorbent assay (EUSA). If the seteenlng test Is positive, a con
firmatory teet such as the Western blot analysilt is performed. 
Antigen detection proceduree detect an HIV antigen known 
as p24. Molecular diagnostic procedures are also available. 
Quantitative assessment of viral RNA (viral load} is used to 
monitor the effectiveness of antiviral therapy. 
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' -------------------------------------------------------------------------------- ' 

Viral Infections of the Circulatory System (continued) -1 

Disease 

HIV-positive patients. In the absence of effective anti-HIV 
tntatment, the AIDS case-fatality rate is very high -ap
proaching 100%. (Chapter 11 contains information about 
the current AIDS pandemic.) 

Patient care. Use Standard Precautions for hospitalized pa
tients and appropriate Transmission-Based Precautions for 
specific Infections that occur In AIDS patients. 

Infectious mononucleosis. Infectious mononucleosis (also 
called "mono" or the •klaalng disease, Ia an acute viral 
diaeeae that may be asymptomatic ar may be characterized 
by fever, sore throat, lymphadenopathy (especially posterior 
cervical lymph nodes), splenomegaly (enlarged spleen), 
and fatigue. Infectious mononucleosis is usually a self-lim
ited disease of 1 to several weeks' duration. It is rarely fatal. 

Patient care. Use Standard Precautions for hospitalized 
patients. 

Mumps (infectious parotitis}. Mumps is an acute viral infection 
characterized by fever and swelling and tenderness of the 
saliva.y glands (Fig. 18-9). Complications can include orchi
tis (Inflammation of the testes), oophoritis (Inflammation of 
the ovaries), meningitis, encephalitis, deafness, pancreatitis, 
al1ttrltls, mastitis, nephritis, thyroiditis, and pericarditis. 

Patient care. Use Droplet Precautions tor hospitalized patients 
until 9 days after the onset of swelling. 

VIral hemorrhagic dleeaee. VIral hemonhaglc diseases are 
extremely serious, acute vlrallllneeses. Initial symptoms 
include sudden onset of fever, malaise (a feeling of general 
discomfort and feeling "out of sorts"), myalgia, and head
ache, followed by pharyngitis, vomiting, diarrhea, rash, 
and internal hemonhaging. C~fatality rates for Marburg 
virus infection and Ebola virus infection have bean 25% and 
50%-90%, respectively. All known cases of both diseases 
occurred In or could be traced back to Africa. 

Patient care. Exercise Standard, Droplet, and Contact Pnr 
cautions for hospitalized patients for the duration of the 
illness. Emphasize (a) use of sharps safety devices and 
safe work practices, (b) hand hygiene, (c) barrier protection 
against blood and body fluids, and (d) appropriate waste 
handling. Use N95 or higher respirators when performing 
aerosol-generating procedures. 

Addldonallntonnadon 

Pathogen. The etiologic agent of Infectious mononucleosis 
Is Epstein-Barr virus (EBV), which Ia also known as human 
herpesvirus 4.1t is a DNA virus in the family Herpesviridae. 
EBV infects and transforms B cella, although it also infects 
other types of cells. EBV is known to be oncogenic (can
cer causing), causing or being associated with lymphomas 
(e.g., Hodgkin disease and Burkitt lymphoma), carcinomas 
(e.g., nasopharyngeal carcinoma and gastric carcinoma), 
sarcomas, among other cancers. 

Reeervalre and mode ottranemleelon. Infected humans serve 
as reaervolra. Transmission occurs from person to person by 
direct contact with saliva. Kissing facilitates spread among ~ 
oleacents. EBV can be transmitlad via blood transfusion. 

Laboratory diagnosis. Patients with infectious mononucleosis 
usually present with a lymphocytosis (abnormally high per
ipheral lymphocyte count), including 10% or more abnonnal 
lymphocyte forms, and abnormalities In liver function tests. 
Speclftc diagnosis Is usually made by detection of antibod
Ies. Molecular diagnostic procedures are also available. 
EBV can be cultured from the buffy coat-the layer of white 
blood cells that appears in centrifuged blood. 

Pathogen. Mumps is caused by mumps virus, an RNA virus in 
the genus Rubulavirus, family Paramyxoviridae. 

Reservoirs and mode of vansmia.ion. Infected humans 
serve as reservoirs. Transmission occurs via droplet spread 
and direct contact wfth the saliva of an Infected person. 

Laboratory diagnosis. Diagnosis of mumps Is made using 
lmmunodlagnostlc procedures, molecular diagnostic pro
cedures, or cell culture. 

Pathogens. VIral hemorrhagic fevers are caused by many 
different viN888, Including dengue virus, yellow fever virus, 
Crimean-Congo hemorrhagic fever virus, Lassa virus, Ebola 
virus, and Marburg virus. Ebola virus and Marburg virus 
are filamentous viruses in the family Filoviridae. Both are 
extnlmely large viruses. Ebola virus is about 80 nm in width 
and up to 1 mm or longer in length. Marburg virus is about 
80 nm In width and 790 nm In length. 

Reeervalre and mode ottranemleelon. Infected humans serve 
as reservoirs; Infected African green monkeys also serve as 
raeervoirs of Marburg virus. Transmission is from person to 
pen!Ofl via direct contact with infected blood, aecretions, in
ternal organs, or semen, or by needlestick. The risk is highest 
when the patient is vomiting, having diarrhea, or hem~ 
ing. Crimean-Congo hemorrhagic fever is a tickborne disease. 
Dengue fever and yellow fever n mosquito-bome diseases, 
transmitted pr1mar11y by mosquitoes In 1he genus .Aedes. 

Laboratory dlagnoell. VIral hemorrhagic diseases are diagnosed 
using lmmunodlagnoatlc and molecular procedures, oell cul
ture, or electron microscopy. Laboratory studies of viral hem
orrhagic fevers rapreaent an axtreme biohazard and should be 
conducted only in BSL-4 containment facilities. 

•A Western blot analysis Is a labonltory procedure In wfllch proteins MPSrated by electrophoresis In polyactytamlde gels are transferred (blotted) 
onto nitrocellulose or nylon membranes and ldentHled by specific complexlng with tagged antibodies. 

BSL-4, blosafety level4; Gl, gastrointestinal. 
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Figure 1a..8. Common modes of tranamlulon of HW. 
(Redrawn from Harvey RA, et al. lippincott's Illustrated 
Reviews, Microbiology. 3rd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2013.) 

VIRAL INFECTIONS OF 'THE CENTRAL 
NERVOUS SYSTEM 

Aseptic meningitis is commonly caused by a number of 
different enteroviruses. These infections tend to be sea
sonal with peak periods occurring in late summer, early 
fall. Tables 18-8 and 18-9 list information pertaining to 

viral infections of the central nervous system. 
New arbovirus infections in the Americans (chikungunya, 

dengue, and Zika.) are described in Table 18-10. 

'nlble1M 

Disease 

Lymphocytic choriomeningitis. Lymphocytic choriomeningi
tis Is a rodent-borne viral disease that presents as aseptic 
meningitis, encephalitis, or meningoencephalitis. Asymp
tomatic or mild febrile disease also occurs. Some patients 
develop fever, malaise, suppressed appetite, muscle 
aches, headache, nausea, vomiting, sore throat, coughing, 
joint pain, chest pain, and salivary gland pain. Possible 
complications of CNS involvement include deafness and 
temporary or permanent neurologic damage. An associa
tion between lymphocytic choriomeningitis virus (LCMV) 
Infection anct myocarditis has been suggested. 

Patient care. Use Standard Precautions for hospitalized 
patients. 

Figure 18·9. Child with mumps. (Provided by Barbara Rice, 
the National Immunization Program, and the CDC.) 

RECAP OF MAJOR VIRAL INFECTIONS 
OF HUMANS 

Table 18-11 provides a recap of some major viral infections 
of humans. 

APPROPRmTETHERAPYFOR 
VIRAL INFECTIONS 

Recommendations for the tteatment of infectious dis
eases change frequently. The viral infections described in 
this chapter must be treated using appropriate antiviral 
drugs. For certain diseases, serum immune globulins (e.g., 
varicella-zoster immune globulin) are available for tteaunent. 
Additional information about antiviral agents can be found 
in Chapter 9 and at en.wikipedia.org!wikil Antiviral drug. 

Additional Information 

Pa1hogen. Lymphocytic choriomeningitis Is caused by LCMV; 
a member of the family Arenavfrldae. 

Reeervolre and mode of tranemlalon. Infected rodents, 
primarily the common house mice serve as reservoirs. Hu
mans become infected following exposure to mouse urine, 
droppings, saliva, or nesting materials. The virus cen enter 
broken skin; through nose, the eyes, or mouth; or via the 
bite of an infected rodent. Organ transplantation is a pos
sible means of transmission. Person-to-person transmission 
does not occur. 

Laboratory dlagnoele. Diagnosis Is primarily by lmmunodlag
nostlc procedures and cell culture. 
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VIral Infections of the CNS (conUnued) 

DiMase Aclditionallnfonnation 

Pollomyellllll (polio, Infantile paralyala}. In most patients, 
poliomyelitis causes a minor illn98S with fever, malaise, 
headache, nausea, and vomiting. In about 1% of patierrts, 
the disease progresses to severe muscle pain, stiffness of 
the neck and back. with or without flaccid paralysis. Major 
Illness Is more likely to occur In older children and adults. 
Although once a major health problem In the United States, 
vaccinee became available In the 19508. The WHO Is at
tempting to eradicate polio worldwide. 

Patient care. Use Contact Precautions for hospitalized pa
tients for the duration of illness. 

Rabies. Rabies is a usually fatal, acute viral encephalomy
elitis of mammals, with mental depression, restlesanesa, 
headache, fever, malaise, paralysis, salivation, spasms of 
throat muscles induced by a slight breeze or drinking water, 
convulsions, and death caused by respiratory failure. The 
paralysis usually starts In the lower legs and moves upward 
through the body. Rabies Is endemic In tNery country of the 
world except Antarctica and In fNBry state except Hawaii. 
Worldwide, over 55,000 people die of rabies annually. 

Patient care. Uae Standard Precautions for hospitalized 
patients. 

VIral meningitis. VIral menlngltfs Is also known as aseptic 
meningitis and nonbacterial or abacterial meningitis. It is a 
relatively common disesse but, fortunately, is rarely serious. 
Acute illness rarely exceeds 10 days duration. Viral menin
gitis is characterized by sudden onset of febrile illness with 
the signs and symptoms of meningeal involvement. CSF 
findings include the presence of mononuclear white blood 
cells, Increased protein levels, normal glucose levels, and 
the absence of bacteria. A rash may develop. When caused 
by an enterovirus, Gl and respiratory symptoms may occur. 

Patient care. Use Standard Precautions for hospitalized 
patients. Add Contact Precautions for infants and young 
children. 

Viral encephalitis (arthropod-borne viral encephalitis: na
bla 18-1). Arthropod-borne viral encephalitis is an acute 
Inflammatory viral disease. A patient with this disease may 
be asymptomatic or have mild fever and headache. Severe 
Infection Ia also possible, with headache, high ffN8r, stu
por, disorientation, coma, tremors, occasional convulsions, 
spastic paralysis, and death. The term atboviru88B is same
times used in raference to viruses that are transmitted by 
arthropods. 

Patient care. Exercise Standard Precautions for hospitalized 
patients. Transmission-Based Precautions may be neces
sary, depending on the etiologic agent. 

Pathogens. Poliomyelitis is caused by polioviruses, RNA 
viruses in the family Picomaviridae (pice = small, RNA 
viruses). 

Reservoirs and mode of 1ransmia.ion. Infected humans 
serve as reservoirs. Transmission is from person to person, 
primarily via the fecal-oral route; also by throat secretions. 

Laboratory diagnosis. Diagnosis of poliomyelitis Is made by 
Isolation of poliovirus from stool samples, cerebrospinal 
fluid (CSF), or oropharyngeal secretions using cell culture 
techniques or by immunodiagnostic or molectJiar diagnostic 
procedures. 

Pathogen. Rabies is caused by rabies virus, a bullet-ahaped, 
enveloped RNA virus in the family Rhabdoviridae. 

Reservoirelllld mode of transmission. Reservoirs are various 
wild and domestic mammals, including dogs, foxes, coy
otes, wolves, jackals, skunks, raccoons, mongooses, and 
bats. Transmission Is usually via the bite of a rabid animal, 
which Introduces virus-laden saliva. Airborne transmission 
from bats In caves also occurs. Person-~person transmis
sion is rare. 

Laboratory diagnoais. Diagnosis of rabies is made by cell cul
ture, antibody detection in serum or CSF, antigen detection 
in tissue samples, molecular diagnostic proceduras for brain 
tissue, or observation of Negri bodies in brain or other tis
sues. Negri bodies ara viral RNA-nucleoprotein complexes 
found In the cytoplasm of virus-Infected cells (I.e., they are 
Intracytoplasmic Inclusions). 

Pathogene. The most common causes of viral meningitis In the 
United States are enteroviruses, such as coxsackie and en
teric cytopathic human orphan (ECHO) viruses. Other causes 
include arboviruses, measles virus, mumps virus, herpes 
simplex viruses and VlYs, lymphocytic choriomeningitis vi
rus, and adenoviruses. Leptospirosis (a bacterial disease) can 
also cause aseptic meningitis. 

Reaervolre and mode of transmlaelon. Reservoirs and modes 
of transmission vary with the speclftc etiologic agent 

Laboratory diagnosis. During the early stages of the disease, 
the viral pathogen may be Isolated from throat washings 
and stool, and occasionally from CSF and blood. Diagnosis 
is made by immunodiagnostic, molecular diagnostic proce
dures, or cell culture. 

Pathogens. See Table 18-9. Over the years, St. Louis enceph
alitis virus has been the most common mosquito-transmit
ted pathogen In the United States. The situation changed In 
2002 when West Nile virus took over the number one spot. 
Additional Information about West Nile virus can be found 
on Pont. 

Reservaira IUid mode of tnnsmiaion. See Table 18~. Per
son-to-person transmission is rare; possibly by transfusion, 
organ transplant, breast milk, or transplecentally. 

Laboratory diagnosis. Many of the viruses that cause en
cephalitis, including arboviruses, are difficult to isolate from 
CSF by cell culture. Appropriate containment facilities must 
be used when attempting to cultivate arbovlruses. VIral en-
cephalitis caused by arbovlrusea Ia usually diagnosed using 
immunodiagnostic or molecular diagnostic proceduras, or 
sometimes by electron microscopy. 

~------------------------------------------------------------------------------------~ 
CNS, een1ra1 nervous system; Gl, gastrolntes11nal; vrv, varicella-zoster virus. 



352 Section VIII • Major Infectious Diseases of Humans 

Selected Arthropod-Borne Viral Encephalitides of the United States 

Dieeaee Pathogen Reeervoirs Vectors 

Eastem equine EEE virus, a RNA virus In the family Birds, horses Aedes, Coqulllettldla, Culex, 
encephalitis (EEE) Togaviridae and Cu/iseta mosquitoes 
California encephalitis Callfomla encephalitis virus, a RNA Rodents, rabbits Aedes and Culex mosquitoes 

virus in the family Bunyaviridae 
La Crosse encephalitis La Crosse encephalitis virus, a RNA Chipmunks, squirrels Aedes mosquitoes 

virus in the family Bunyaviridae 
Powassan encephalitis Powassan virus, a RNA virus in the Small- and medi- Ixodes tick 

family Flaviviridae urn-sized mammals 
St. Louis encephalitis St. Louis encephalitis virus, an RNA Birds Culex mosquitoes 

virus in the family Flaviviridae 
West Nile virus West Nile virus, a RNA virus in the fam- Birds, pemaps horses Culex mosquitoes 
encephalitis ily Flaviviridae 
Western equine WEE virus, a RNA virus in the family Birds, horses Aedes and Culex mosquitoes 
encephalitis (WEE) Togaviridae 

New Arbovlral Diseases In the Amertcas 

Chikungunya (Makonde word for "that which bends up1. 
Typical symptoms include fever and severe joint pein, 
which often results in a stooped posture. Other symptoms 
may include headache, muscle pain, swollen joints, and 
a rash. In 2013, the virus became widespread in the ca
ribbean region with over 1. 7 million cases reported by the 
Pan-American Health Organization. Local transmission In 
Florida and Texas has been documented but most cases 
diagnosed in the United States are travel related. Chikun
gunya became a nationally notifiable disease in 2015. 

Patient care. No antivirals have been found to be effective in 
fnMltment. No vaccine is currently available. Standard Pr&
cautions are requil'8d for hospitalized patients. 

Dengue fever and dengue hemorThagic fever (DHF). In
fection with dengue virus can be asymptomatic or may 
progress to any one of the three classic presentations: 
dengue fever, DHF fever, or dengue shock syndrome 
(DSS). Mortality In DHF and DSS Is not uncommon. 

Patient care. No antivirals have been found to be effective 
in treatment. No vaccine ia currently available. In cases of 
DHF and OSS, intravascular volume replacement is crit
ical. Stendard Precautions are required for hospitelized 
patients. 

Zika infection. First described in 1947 in the Zika forest 19-
glon of Uganda. Sporadic outbreaks were noted, but In 
2014, an Increased number of cases were noted In South
east Asia and the Paclftc Islands. Since then, the virus has 
spl'1ilad rapidly through South and Central America and 
the islands of the Caribbean. Local transmission has been 
documented in Florida and Texas. Zika virus infection can 
be asymptomatic or may present with fever, rash, head
ache, joint pain, red eyes, and muscle pain. Transmission 
from an infected mother to the fetus can result in severe 
blnh defects Including microcephaly (small head circum
ference). More Information about Zlka virus can be found 
on Point . 

PathogM. Chikungunya virus. A RNA virus in the Flaviviridae 
family. 

Reservoir and mode of tnlnsmiaion. Humans are the only 
know reservoir. Transmission is by the bite of the Aedes 
mosquito. 

LaboratotY diagnosis. lmmunodlagnostlc and molecular diag
nostic procedures are available. 

Pathogens. Dengue virus is a RNA virus in the family Flavivir
idae. Thera are four serotypes. Infection with one serotype 
does not confer Immunity to other serotypes. 

Reeervolr and mode of tnlnemlaelon. Humans are the only 
know reservoir. Transmission Is by the bite of the Aedes mos
quito. Small local outbl'1ilaka of dengue fever have occurred in 
Texaa in 2005 and Hawaii in 2010, but the virus is endemic in 
Puerto Rico and in many popular tropical tourist destinations. 

Laboratory diagnosis. lmmunodiagnostic and molecular diag
nostic procedures ara available. 

Pathogen. Zika virus is a RNA virus of the Flaviviridae family. 
Reservoir and nansmlsslon. Humans are the only known res

ervoir. Transmission Is by the bite of the Aedes mosquito, the 
same vector as chlkungunya and dengue viruses. Transmis
sion can also occur from the mother to the fetus, through sex 
and probably through blood transfusion although the blood 
supply in the United States is screened for Zika virus RNA. 

LaboratotY diagnosis. lmmunodiagnostic and molecular diag
nostic techniques are available. 

'-------------------------------------------------------------------------------------' 



Dieeaee 

AIDS 
Avian Influenza (bird flu) 
Chickenpox 
Chlkungunya 
Cold sores (fever blisters) 
Dengue fever 
Genital herpes 
HPS 
l~lous mononucleosis 
lnftuenza 
Middle East respiratory 
syndrome 
Monkeypox 
Mumps 
Poliomyelitis 
Rabies 
Rubella (German measles) 
Rubeola (hard measles) 
Smallpox 
SWine flu 
Viral hepatitis 
Warts 
West Nile virus encephalitis 
Zika virus infection 

Viral Pathogen 

HIV 
Avian Influenza viruses 
vzv 
Chlkungunya virus 
HSVs 
Dengue virus 
HSVs 
Hanlavlruses 
EBV 
Influenza viruses 
MERS-Coronavfrus 
(MERS-CoV) 
Monkeypox virus 
Mumps virus 
Pollovtruses 
Rabies virus 
Rubella virus 
Rubeola virus 
Variola virus 
Swine flu viruses 
Various hepatitis viruses 
Papillomaviruses 
West Nile virus 
Zika virus 

EB\f, Epstein-Barr virus; HPS, hantavtus pulmonary syndrome; HSVs, 
herpes simplex viruses; V1Y, varlcella-zos1er virus. 

oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look 

• Influenza Viruses, Including Bird Flu and Swine Flu 
• Norovirus 
• West Nile Virus 
• Zika Virus 

• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple~hoice questions. 

1. Which of the following is the cause of smallpox? 
a. vaccinia virus 
b. varicella virus 
c. variola virus 
d. none of the preceding choices 
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2. Which 1he following are considered to be oncogenic? 
a. Epstein-Barr virus and human papillomaviruses 
b. HIV and Ebola virus 
c. rubella and rubeola viruses 
d. variola and varicella viruses 

3. Laboratory diagnosis of HIV infection is usually 
made by: 
a. electron microscopy 
b. growth of HIV in cell culture 
c. growth of HIVin embryonated chicken eggs 
d. immunodiagnostic procedures for the detection 

of antigen and antibodies 

4. Which of the following is also known as infectious 
hepatitis? 
a. HAV 
b. HBV 
c. HCV 
d. HDV 

5. Mosquitoes serve as vectors In all of the following 
viral diseases except: 
a. dengue fever 
b. hepatitis 
c. West Nile virus disease 
d. yellow fever 

e. Which of the following viruses islare not 
transmitted sexually? 
a. hantavirus 
b. HSVs 
c. HIV 
d. papillomaviruses 

7. Which of the following is a DNA virus? 
a. HAV 
b. HBV 
c. HCV 
d. HDV 

8. Which of the following is a type of herpes virus? 
a. Epstein-BarT virus 
b. measles virus 
c. mumps virus 
d. rabies virus 

9. Which of the following viral diseases has been 
associated with microcephaly in infants born to 
mothers who were infected during pregnancy? 
a. chikungunya virus 
b. hantavirus 
c. Zika virus 
d. Epstein-Barr virus 

10. The disease known as Middle East respiratory 
syndrome is caused by a type of: 
a. coronavirus 
b. herpes virus 
c. papillomavirus 
d. picornavirus 
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Case 1. (This case study was modified from Strohl WA, et al. Lippi7NXItt's Illus
trtJted Reviews: Microbiology. Philadelphia, PA: Lippincott Williams & Wilkins; 
2001. An Internet search may be required to locate answers to some of the 
questions.) 

A 25-year-old man was admitted to the hospital in mid-June for malaise 
and shortness of breath of 1-day duration. Three days prior to admis
sion, he had developed sneezing and a runny and stuffy nose. Two days 
prior to admission, he developed a nonproductive cough, a headache 
behind his eyes, a fever, and red blotches on his face. One day prior 
to admission, the rash covered most of his face and had spread to 
his anns and t:rwlk.. Physical examination revealed a temperature of 
100°F, a relatively low total white blood cell count, labored breath
ing, a red face, and an erythematous maculopapular rash on the his 
trunk, palms, and extremities. Examination of his mouth revealed 
several salt-grain-sized, raised, white spots on his buccal mucosa 
(the lining of his cheeks). Upon questioning, he stated that he 

had no known tick exposure, that his mother had told him that she 
thought he might have had measles as an infant, and that he had never 

received the measles vaccine. 

~ Why do you think the patient was asked about tick exposure? 

B. What disease is suggested by the combination of fever. rash, and white spots on 
the patient's buccal mucosa? 

C. What pathogen causes this disease? 

D. What are the white spots called? 

E. What laboratory tests would con.finn the diagnosis? 

Case 2. A 27 -year-old unmarried female patient presents with genital warts. 

~ Which one of the following viruses is the most likely cause? 
1. herpes simplex virus 
2. Epstein-Barr virus 
3. hantavirus 
4. human papillomavirus 
5. HIV 

B. Which one of the following diseases is this virus also associated with? 
1. syphilis 
2. gonorrhea 
3. cervical cancer 
4. nephritis 
S. urethritis 



Case 3 A 54-year-old mm presents with a painful, blistering skin rash on the left 
side of his torso, accompanied by a headache and low-grade fever. He says that he has 
lately been under a great deal of emotional stress. 

A. Which one of the following viruses is the most likely cause? 
1. measles virus 
2. varicella-zoster virus 
3. norovirus 
4. hantavirus 
5. rubella virus 

B. This condition often occurs many years after a person has had: 
1. measles 
2. hepatitis 
3. influenza 
4. infectious mononucleosis 
5. chickenpox 

(Answers to Case Studies can be found in Appendix B.) 
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• Differentiate between gangrene and gas gangrene 
• Correlate a given bacterial sexually transmitted 

disease (STD) with its etiologic agent 
• Name at least three rickeHsial or ehrlichial infections 

of the cardiovascular system 

INTRODUCTION 

It would be impossible in a book of this size to describe 
fill of the human infectious diseases caused by bacteria. 
Thus, only selected bacterial diseases are described in this 
chapter. Although a certain disease may be described within 
one particular section of this chapter (e.g., in the section 
describing bacterial diseases of the respiratory system), 
readers should keep in mind that some bacterial diseases 
have various clinical manifestations, affecting several 
body systems simultaneously, and that the pathogens may 
move from one body site to another. Readers should also 
keep in mind that, although most of the bacterial diseases 
described in this chapter are caused by a single bacterial 
species, many other diseases are thought to be the result 
of communities of bacteria consisting of more than one 
species (e.g., biofilms; described in Chapter 10 and later 
in this chapter). 

STUDY AID 
What to Learn? 

This chapter contains a large 
amount of information. Of 
primary importance will be 
your ability to later recall 
the name of the bacterium that causes a particular 
bacterial disease and the manner in which the disease 
is transmitted. If applicable, you should be able to state 
the vector that is involved in the transmission of the 
disease. For example, if your teacher says "Lyme dis
ease," you should be able to state the name of the bac
terium that causes the disease (Borrelia burgdorfen), 
the manner in which Lyme disease is transmitted (tick 
bite), and the vectors that ara involved in the transmis
sion of Lyme disease (various species of ticks). 

Certain of the bacterial diseases described in this chapter 
are nationally notifiable infectious diseases. 'When a pa
tient is diagnosed with one of these diseases in the United 
States, the information must be reported to the Centers 
for Disease Control and Prevention (CDC). As of2017, 
there were over }0 nationally notifiable bacterial diseases 
(Table 19-1). Most of them are described in this chapter, 
as are some bacterial diseases that are not nationally noti
fiable (e.g., CampykJbaaer enteritis). 

• Name at least three diseases caused by anaerobic 
bacteria 

• Describe a biofilm, and name at least two human 
diseases thought to be associated with biofilms 

• State, in general, how bacterial infections are treated 

,.....11-1 I~Niltill:ll;~Jt'Hiifl~u::N~l 
··j~['-/"~1'-1-'1 

-
Number of New U.S. 
ca ... Reported to 

Bacterial Disease the CDC In 2014• 

i 

-

Anthrax 0 
Botulism 161 
Brucellosis 92 
Chancroid 6 
Chlamydia 1,441,758 
Cholera 5 
Diphtheria 1 
EhrlichiosisfAnaplasmosis 4,488 
Gonorrhea 350,062 
Haemophilus influenzas, invasive 3,541 

disease 
Hansen disease ~eprosy) 88 
Hemolytic-uremic syndrome, 250 

post-diarrheal 
Legionellosis 5,168 
leptospirosis 38 
Usteriosis 769 
Lyme disease 33,461 
Meningococcal disease 433 
Pertussis (whooping cough) 32,971 
Plague 10 
Psittacosis 8 
Qfever 168 
Salmonellosis 51,455 
Shiga toxin-producing 6,179 

Escherichia coli 
Shigellosis 20,745 
Spotted fever rickettsiosis 3,757 
Streptococcal toxic shock 259 

syndrome 
Streptococcus pneumonfae, 15,356 

Invasive disease, drug 
resistant, an ages 

Syphilis 63,450 
Tetanus 25 
TSS (other than streptococcaO 59 
Tuberculosis 9,421 
Tularemia 180 
Typhoid fever 349 
Vancomycin-intermediate 212 

S. sureus 
vancomycin-resistant s. aureus 0 

1 The6e ligur96 prtMcle insight irto how trvquantly the6e dis.ease6 ocx:tlr 
in the United States. F« updated infom'latiOI'I, go to the CDC webSite; 

ellc:l< on "Morbidity & Mortality Weekly Report", 1han ellc:l< on "Not~ 
able Claeaae$•, and finally click on the most recent yea~ that Is listed. 

TSS, toxic shock syndrome. 
Source: http://www.cdc.gov. 



HOW DO BACTERIA CAUSE DISEASE? 

The various bacterial virulence factors, which enable 
pathogens to cause disease, were described in Chapter 14. 
Some of them are listed here: 

• Adherence and colonization factors 
• Factors that prevent activation of complement 
• Factors that enable escape from phagocytosis by white 

blood cells (WBCs) 
• Factors that prevent destruction within phagocytes 
• Factors that suppress the host immune system (i.e., factors 

that cause immunosuppression) 
• Endotnx:in (a component of the cell walls of Gram-negative 

bacteria) 
• Production of emtoxins (e.g., cytotoxins, enterotoxins, 

and neurotoxins) 
• Production of necrotic and other types of destructive 

enzymes 

BACTERIAL INFECTIONS 
OF THE SKIN 

Information pertaining tn bacterial 
infections of the skin is contained 
in Table 19-2. 

Dieeaee 

,..- -1 Gas gangrene Is 
always caused by 
Clostridium spp. ...._ _.. 

Acne. Acne Is a common condition In which pores become 
clogged with dried sebum, flaked skin, and bacteria, which 
leads to the formation of blackheads and whiteheads (col
lectively known as acne pimples) and Inflamed, Infected 
abscesses. Acne is most common among teenagers. 

Anthrax. Anthrax, also known 88 woolsorter diaeue, can 
affect the skin (cutaneous anthrax), lungs (inhalation or pul
monary anthrax), or gastrointestinal tract (gastrointestinal 
anthrax), depending on the portal of entry of the etiologic 
agent. In cutaneous anthrax, depressed blackened lesions 
called eschars form 88 a result of a necrotoxin (a toxin that 
kills cells) (refer back to Fig. 11-11 ). Inhalation and gastro
intestinal anthrax are often fatal, but cutaneous anthrax is 
usually not. Ordinarily, human cases in the United States 
are quite rare. However, 22 U.S. cases occurred In the fall of 
2001 as a result of the mailing of letters that had purposely 
been contaminated with Bacillus anthtacls spores. The 22 
cases Included 11 cases of Inhalation anthrax (5 fatal) and 
11 cases of cutaneous anthrax (nonfataQ. 

Patient Care. Use Standard Precautions for hospitalized 
patients. Add Contact Precautions for cutaneous anthrax 
patients If there Is a large amount of uncontalned drainage. 
Use soap and water for handwashlng; alcohol does not 
have sporicidal activity. 

Chapter 19 • Bacterial Infections of Humans 359 

STUDY AID 
Gangrene versus Gas 
Gangrene 

The term gangrene refers to tissue 

necrosis (death) resulting from local 

anemia Oschemla). Ischemia results 

from an obstruction, loss, or reduction of blood 

supply, leading to a lack of oxygen. Gangrene may 
have nothing whatsoever to do with microbes. Gas 

gangrene, on the other hand, is always caused by 

microbes-specifically, Clostridium spp. The clostridia 

produce gaseous metabolic byproducts-primarily, 

hydrogen and nitrogen-that accumulate in the 

necrotic tissues. Regardless of the cause, gangrenous 

tissue becomes brownish black and foul smelling. 

Wound Infections 
When the protective s1cin barrier is broken as a result of burns, 
puncture wounds, surgical procedures, or hires, opportunistic 
indigenous micro biota and environmental bacteria can invade 
and cause local or deep tissue infections. The pathogens may 
spread via blood or lymph, causing serious systemic infections. 

Additional Information 

Pathogens. The etiologic agents of acne are Prop/onfbacte
rlum acnes and other Proplonlbacterfum spp., all of which 
are anaerobic, Gram-positive bacilli. 

Reservoirs and Mode o1 'D'ansmlsslon. Infected humans 
serve as reservoirs, although acne is probably not 
transmissible. 

Laboratory Diagnosis. Diagnosis is made on clinical grounds. 
Pathogen. The etiologic agent of anthrax is B. anthracia, an 

encapsulated, spore-forming, Gram-positive bacillus. 
Reservoirs and Mode o1 'lhlnsmiasion. Reservoirs include 

anthrax-infected animals, as well as spores that may be 
present in soil, animal hair, wool, animal skins and hides, 
and products made from them. Transmission occurs via 
entry of endoapores through breaks in skin, inhalation of 
spores, or ingestion of bacteria in contaminated meat. Pul
monary anthrax is not transmitted from person to person. 

Laboratory Diagnosis. Anthrax Ia diagnosed by Isolation of 
B. anthrac/8 from blood, lesions, or discharges. 

Because B. anthracls Is considered a potential agent of blo
terrorlsm, full Identification should be performed by public 
health laboratories using molecular-based methods. 

(continued) 
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Bacterial Infections of the Skin (continued) 

Disease Addltlonallnformatlon 

Oaa 0Mgrene (Clostridial Myonec:roala}. After C/ostndium 
spores enter and germinate in a wound, the vegetative 
pathogens produce necrotizing exoenzyme& and toxins, 
which destroy muscle and soft tissue, allowing deeper 
penetration by the organisms. Gases released from the 
Infecting pathogens cause pockets of gas to develop In 
the Infected tissue. llssue destruction occurs rapidly, often 
necessitating amputation of the Infected anatomic site. In Its 
most severe forms, gas gangrene produces massive tissue 
destruction, shock, and renal failure. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Leprosy. Today, leprosy is more commonly known as Hansen 
disease. There are two fonns of leprosy: (a) lepromatous 
leprosy, characterized by numerous nodules In skin and 
possible Involvement of the nasal mucosa and eyes and 
(b) tuberouloid leprosy, in which relatively few skin lesions 
occur. Peripheral nerve involvement tends to be severe, 
with loss of sensation. Hansen disease is named for G. A. 
Hansen, who, in 1873, discoverad the bacillus that causes 
leprosy. Leprosy occurs primarily in wann, wet areas of the 
tropics and subtropics. The wor1dwide prevalence of leprosy 
has been estimated by the WHO to be as high as 
11 million. Most U.S. cases Involve people who emigrated 
from developing countries. 

Patient Cara. Use StandaJd Precautions for hospitalized 
patients. 

Staphylococcal Skin Infections (Folliculitis, Furunclea, 
Carbuncln, Absceaaes, Impetigo, Impetigo of the 
Newbom, Scalded Skin Syndrome). Virtually all infected 
hair follicles, boils (furuncles), carbuncles, and styes in
volve Staphylococcus aureus. The majority of common 
skin lesions are localized, discrete, and uncomplicated. 
However, seeding of the bloodstream may lead to pneu
monia, lung abscess, osteomyelitis, sepsis, endocarditis, 
meningitis, or brain abscess. With impetigo, which oc
curs mainly in children, pus-filled blisters (pustules) may 
appear anywhere on the body. Impetigo of the newborn 
(Impetigo neonatorum) and staphylococcal scalded skin 
syndrome {SSSS} may occur as epidemics in hospital 
nurseries. 

P&Uent Care. Use Standard Preeautlons for skin, bum, and 
wound Infections If they are minor or limited, and Contact 
Precautions if they are major. Use Contact Precautions for 
patients with SSSS. Use Standard Precautions for infec
tions caused by methicillin-resistant S. aureus (MRSA); add 
Contact Precautions if wounds cannot be contained by 
dressings. 

Pathogens. Although Clostridium perfringens is the most 
common cause of gas gangrene, other Clostridium spp. 
can also cause this condition. 

Reservoirs and Mode of Transmission. Soil is the prim IllY 
reservoir. Humans become infected when soil containing 
clostridial spores enters an open wound. Person-to-person 
transmission does not occur. 

Laboratory Dlagnoela. The preeence of Gram-positive andlor 
Gram-variable bacilli in Gram-stained smears of wound 
specimens should lead one to suspect gas gangrene. Of· 
ten, no leukocytes are observed because they have been 
killed by toxins produced by the clostridia. Once isolated 
on culture media, the etiologic agent can be identified using 
various phenotypic characteristics, including reactions in 
biochemical-based or enzyme-based tests. 

Pathogen. The etiologic agent of leprosy is Mycobactetium 
/eprae, an acid-fast bacillus. M. feprae Is the slowest grow
Ing of all known bacteria, with a doubling time of 13 days. 
(Compan~ that with E. colt, which, under Ideal laboratory 
conditions, has a doubling time of about 20 minutes.) 

Reeervoira and Mode of Transmillllion. Infected humans 
serve as reservoirs; M. /epl8e is present in nasal discharges 
and is shed from cutaneous lesions. Armadillos in Texas and 
Louisiana have a naturally occurring disease that is identical 
to experimental leprosy in those animals, suggesting that 
transmission from annadlllos to humans Is possible. The ex
act mode of transmission has not been clearly established. 
The organisms may gain entrance through the respiratory 
system or broken akin. Leprosy does not appear to be 
eaaily transmitted from person to person. Prolonged, close 
contact with an infected individual appears to be necessary. 
The tuben:uloid fonn of leprosy is not contagious. 

Laboratory Diagnosis. M. leptae differs from all other Myco
bacteflum species In that It cannot be grown on artificial 
culture media. It can be cultured only In laboratory animals, 
such as nine-banded armadillos or mouse foot pads. Diag
nosis is made by demonstration of acid-fast bacilli in skin 
smears or skin biopsy specimens. 

Pathogen. Most staphylococcal infections {"staph infections1 
are caused by S. auteUS, a Gram-positive coccus. Impetigo 
may also be caused by Streptococcus pyogenes, which is 
another Grem-positive coccus. S. aureus spreads through 
skin by producing hyaluronidase (see Chapter 14). SSSS Is 
produced by strains of S. aureus that produce exfoliative {or 
epldermolytlc) toxin, which causes the top layer of skin (epi
dermis) to split from the rest of the skin. (See Fig. 19-1 for a 
summary of diseases caused by S. aureus.) 

Reeervoirs and Mode of Transmillllion. Infected humans 
serve as reservoirs. Persons with a draining lesion or any 
purulent discharge are the most common souroes of epi
demic spread. Transmission occurs via direct contact with a 
person having a purulent lesion or is an asymptomatic car
rier. In hospitals, staphylococcal Infections can be spread 
by the hands of health care workers. 

Laboratory Dlagnoela. The infecting strain must be isolated 
on culture media and identified using a variety of pheno
typic characteristics, including rapid detection of coagulase 
or reactions in biochemical- or enzyme-based tests. Sus
ceptibility testing must be perfonned because many strains 
of S. aureus are multidrug resistant. 



Disease 

Streptococcal Skin Infections (Impetigo, Scarlet Fever, 
Erysipelaa, Necrotizing Faac:iitis). (a) Streptococcal 
impetigo is usually superficial but may proceed through 
vesicular, pustular, and encrusted stages. (b) Scal1et fever 
{scarlatina) includes a widespread, pink-red rash, most ob
vious on the abdomen, sides of the chest, and In skin folds. 
Severe cases may be accompanied by high fever, nausea, 
and vomiting. (c) Erysipelas Is an acute cellulllfs with fever, 
constitutional symptoms, and hoi, tender, red eruptions 
{sometimes referred to as St. Anthony fire). (d) Necrotizing 
fasciitis is the name of the disease caused by the so-called 
flesh-eating bacteria. Fasciitis is inflammation of the fascia 
(fibrous tissue that envelops the body beneath the skin and 
also encloses muscles and groups of muscles). The most 
common cause of necrotizing fasclltls Is Streptococcus 
pyogenes. 

Patient Care. Use Standard PRilcautlons for skin, burn, and 
wound infections if they are minor or limited, and Contact 
or Droplet Precautions if they are major. Use Droplet Pre
cautions for infants and young children with strep throat or 
scarlet fever, and all patients with pneumonia or serious in
vasive disease. Outbreaks of serious invasive disease have 
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Addldonallntonnadon 

Pathogen. These infections are caused by Struptococcus 
pyogenes, a Gram-positive coccus, that is also known as 
Group A IJ--hemolytic streptococcus, GAS, and "Strap A." 
Scarlet fever is caused by erythrogenic toxin, produced by 
some strains of S. pyogenes. Scarlet fever can be a com
plication (sequela) of untreated strep throat (streptococcal 
pharyngitis). Figure 19-2 provlcles a summary of diseases 
caused by S. pyogen&S. 

Reaervolra and Mode of lhlnamlsalon. Infected humans 
serve as reservoirs. Transmission occurs from person to 
person via large respiratory droplets or direct contact with 
patients or carriers. Transmission rarely occurs by indirect 
contact through objects. 

Laboratory Diagnosis. The infecting strain must be isolated 
on culture media and Identified using various phenotypic 
characteristics, Including biochemical- or enzyme-based 
tests. lmmunodlagnostlc procedures are available, some 
of which are referred to as •rapid strap tests." Currently, 
susceptibility testing is not routinely performed because 
S. pyogenes has not yet developed resistance to penicillin. 
Some strains have become resistant to other antimicrobial 
agents, however. 

occurred secondary to transmission among patients and J 
'---hea __ tt_h_ca __ re_p_e_~ __ n_n_el_· ~==============================================================~~· 

/
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Figure 11·1. oaae.e. caused byStaphylococcusaureus. 
TSS, toxic shock syndrome. (Redrawn from Harvey RA, et al. 
lippincott's Illustrated Reviews. 3rd ed. Philadelphia, PA: Lip
pincott Williams & Wilkins; 2013.) 

Figure 11-2. Dleee.eee caueed by SCI~ pyogenes. 
TSS, toxic shock syndrome. (Redrawn from Engleberg NC, el al. 
Schaechter's Mechanisms of MicrobiB.I Disease. 5th ad. Philadel
phia, PA: Uppincott Williams & Wilkins; 2013.) 
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The three most com
mon causes of otitis 
media are StTupto
coccus pneumoniae, 
Haemophilus influ
enzse, and MOt8X.fiJI/a 
catantlalls . ... _______ ) 

BACTERIAL INFECTIONS 
OF THE EARS 

Infonnation pertaining to viral 
and bacterial ear infections is 
contained in Table 19-3. 

BACTERIAL INFECTIONS OF THE EYES 

Table 19-4 contains information pertaining to bacterial 
infections of the eyes. 

BACTERIAL INFECTIONS 
------, OF THE RESPIRATORY 

Although we hear 
more about Strep
tococcus pyogenes 
as a cause of phar
yngitis (sore throat}, 
most cases of phar
yngitis are actually 
caused by viruses. 

'Dible 1M 

Disease 

.J 

SYSTEM 

Bacterial Infections of the 
Upper Respiratory Tract 
Table 19-5 contains information 
pertaining to bacterial infections 
of the upper respiratory tract. 

Otitis Extema (External Otitis, Ear Canal Infection, 
Swimmer's Ear2. Otitis extema is an infection of the outer 
ear canal with itching, pain, a malodorous discharge, 
tenderness, redness, swelling, and impaired hearing. Otitis 
externa Is most common during the summer swimming 
season; trapped water In the external eer canal can lead 
to wet, softened skin, which Ia more easily Infected by 
bacteria or fungi. Otitis externa is referred to as "swimmer's 
ear" because it often results from swimming in water 
contaminated with Pssudomonas 8flfUginosa. 

Otitis Media (Middle Ear Infection). Otitis media often devel
ops as a complication of the common cold. Manifestations 
can Include persistent and severe earache, temporary 
hearing loss, pressure In the middle ear, and bulging of the 
eardrum (tympanic membrane). Nausea, vomiting, dlarrhee, 
and fever may be present In young children. OUtls media 
may lead to rupture of the eardrum, bloody discharge, and 
pus. Severe complications, including bone infection, perma
nent hearing loss, and meningitis, may occur. Otitis media is 
most common in young children, particularly those between 
3 months and 3 yen. 

Dl ..... nallad epr.d 
(Gillin Involving 
cepeulu type a .nine) 
vlabloada1rRm 

F1ture 18·3. Infections caused by HaemophiiUIIInfluenzae. 
(Redrawn from Harvey RA, et al. Uppincott's Illustrated Reviews. 
3rd ed. Philadelphia, PA: Lippincott Williams&. Wilkins; 2013.) 

Addllanallnfonnatlon 

Pathogens. The usual causes of otitis extema are the bacteria 
Escherichia coli, P. aeruginosa, Proteus vulgaris, and Staph
ylococcus aureus. Fungi, such as Aspergillus spp., are less 
common causes of otitis extema. 

Reservoirs and Mode of nansmlsslon. Reservoirs Include 
contaminated swimming pool water, sometimes Indigenous 
mlcrcblota, or articles Inserted Into the ear canal for clean
ing out debris and wax. 

Laboratory Diagnoaia. Material from the infected ear canal 
should be sent to the microbiology laboratory for culture 
and susceptibility (C&S). Most strains of P. aeruginosa are 
multidrug resistant. 

Pathogens. Otitis media may be caused by bacteria or viruses. 
1he three most common bacterial causes are Stt8ptococcus 
pneumonlae (a Gram-positive diplococcus), Haemoph//us 
lntruenzae (a Gram-negative bacillus; see Ag. 19-3), and 
MOI8Xella catanhalls (a Gram-negative diplococcus). Less 
common bacterial causes Include StreptocoCCU8 pyogenea 
and S. aui8U8. Viral causes include meaalea virus, parainflu
enza virus, and respiratory syncytial virus. 

Reservoirs 1111d Mode of'lhlnsmission. Otitis media is proba
bly not communicable. 

Laboratory Diagnosis. If present, a sample of discharge frcm 
the ear should be sent to the microbiology laboratory for 
C&S. P-Lactamase testing should be performed on Isolates 
of H. lnttuenzae. 



Bacterial Infections of the Eyes 

Dieeaee 

Bacterial Conjunctivitis ("Pinkeye"). Bacterial conjunctivitis 
Involves Irritation and reddening of conjunctiva, edema of 
eyelids, mucopurulent discharge, and sensitivity to light. 
The disease is highly contagious. 

Patient c ..... Use Standard Precautions for hospitalized 
patients. 

Chlamydia! Co~unc:tivitis Pnclusion Co~unctivitis, Paretre
choma). In neonates, acute chlamydia! conjunctivitis with 
mucopurulent discharge may result in mild scarring of con
juncUvae and cornea. It may be concurrent with chlamydlal 
nasopharyngitis or pneumonia. In adults, chlamydia! con
junctMtls may be concurrent with nongonococcal urethritis 
or cervicitis. 

Patient Care. Uae Standard Precautions for hospitalized 
patients. 

Trachoma (Chlamydia Keratoconjunctivitis). Trachoma Is 
a highly contagious, acute, or chronic conjunctival Inflam
mation, resulting in scarring of cornea and conjunctiva, 
deformation of eyelids, and blindness. Trachoma is most 
common in poverty-stricken areas of the hot, dry Mediter
ranean countries and the Far East. It is the leading cause of 
blindness in the world. Trachoma occurs only rarely in the 
United States. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Gonococcel Co~unctivitis (Gononhelll Ophthalmia 
Neonlltorum). Gonococcal conjunctivitis is associated with 
an acute redness and swelling of conjunctiva and purulent 
discharge (Fig. 19-4). Corneal ulcers, perforation, and 
blindness may occur If the disease Is untreated. 

Patient Care. Use Standard Precautions for hospitalized 
patient. 
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Aclditionallnfonnation 

Pathogens. The most common etiologic agents of pinkeye are 
Haemophllus lnfluenzae subsp. aegyptfus and Streptococ
cus pneumonise, although many other bacteria can cause 
th688 diseases. 

Reservoirs and Mode of 'lhmsmission. Infected humans 
serve es reservoirs. Human-to-human transmission occurs 
via contact with eye and respiratory discharges, contam
Inated fingers, facial Ussues, clothing, eye makeup, eye 
medications, ophthalmic Instruments, and contact lens
wetting and contact lens-cleaning agents. 

Laboratory Diagnosis. Infections of the eye caused by 
bacteria (including chlamydiaa) and viruses should be dif
ferentiated from allergic manifestations and irritation by mi
croscopic examination of the exudate (oozing pus), culture 
of pathogens, and/or immunodiagnostic procedures. 

Pathogens. The etiologic agents of chlamydial conjunctivitis 
are certain serotypes (serovanf) of Chlamydia tl'achomatis, a 
Gram-negative bacter1um and obligate Intracellular pathogen. 

Reeervoh and Mode of 'lhlnemlsalon. Infected humans serve 
as reservoirs. Transmlsalon occurs via contact with genital 
discharges of infected people, contaminated fingers to eye, 
infection in newborns via an infected birth canal, or nonchlo
rinated swimming pools rswimming pool conjunctivitis"). 

Laboratory Diagnosis. Chlamydia& do not grow on artificial 
media. Diagnosis is made by cell culture, molecular diag
nostic methods, or immunodiagnostic procedures. 

Pathogene. Trachoma Is caused by certain serotypes (sero
vara) of C. ttachomatis. 

Reservolna and Mode of 1hmsml881on. Infected humans 
serve as reservoirs. Transmission occurs via direct contact 
with infectious ocular or nasal sacretions or contaminated 
articles. The disease is also spread by flies serving as me
chanical vectors. 

Laboratory Diagnosis. Trachoma Is diagnosed by microscopic 
observation of Intracellular chlamydia! elementary bodies 
In epithelial cells of Glemsa-stalned conjunctival scrapings 
or by an Immunofluorescence procedure. Alternatively, the 
chlamydiaa can be isolated from specimens using cell cul
ture techniques or diagnosed by molecular-baaed methods. 

Pathogen. Gonococcal conjunctivitis ia caused by Nei888ria 
gonorrhoeae, a kidney bean-shaped, Gram-negative 
diplococcus. N. gonorrhoeae is also known as gonococcus 
(pl., gonococci) or GC. 

Reservoirs and Mode of 'D'ansmlsslon. Infected humans
specifically, Infected maternal birth canals-serve as res
ervoirs. Transmission occurs via contact with the Infected 
birth canal during delivery. Adult infection can result from 
finger-to-eye contact with infectious genitalaecretiona. 

Laboratory Diagnosis. Gonococcal conjunctivitis ia diagnosed 
by micro&OOpic observation of Gram-negative diplococci in 
smears of purulent material and isolation of N. gonorrhoeae 
on appropriate culture media (e.g., chocolate agar or mod
lfted chocolate agar, such as lhayer~artln agar, Martin
Lewis agar, or Transgrow). 

4I'Jbe terms serotypes and aerova.!8 are synonyms. Serovars of a particular species differ from each other primarily as a AMSult of difl"ennnces in sur
face antigena. Sometimes, dilfervnt 8Gt'OY8.1S of a particular species cauee dithnnt diseaees. 
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Figure 19-4. Gonococcal ophthalmia neonatorum. (Pro
vided by J. Pledger and the CDC.) 

Infections of the Lower Respiratory Tract 
Having Multiple causes 

Pneumonia 
Disease. Pneumonia is an acute nonspecific infection of 
the small air sacs (alveoli) and tissues of the lung, with fever, 
productive cough (meaning that ,.----------.. 
sputum is coughed up), acute Worldwide, pneu-

monia Is the number 
chest pain, clillls, and shortness of one killer of children 
breath. It is clinically diagnosed by aged under 5 years. , 
abnormal chest sounds and chest '-·-------' 
radiographs. Pneumonia is often a secondary infection that 
follows a primary viral respiratory infection. In developing 

-----------------------------------------------------------------------------------· 

Bacterial Infections of the Upper Respiratory Tract · 

Disease 

Diphtheria. Diphtheria is a potentially serious upper respira
tory tract disease. This acute, contagious bacterial disease 
primarily involves the tonsils, pharynx, larynx, and nose, 
and occasionally involves other mucous membranes, skin, 
conjunctivae, and the vagina. The characteristic lesion is a 
tough, asymmetrical, adherent gray-white membrane in the 
throat, with surrounding inflammation. Sore throat, swollen 
and tender cervical lymph nodes, tonsillitis, and swelling of 
the neck are common. The membrane may cause airway 
obstruction. There Is also a cutaneous form of diphtheria, 
which Is more common In the tropics. At one time, diphthe
ria was a major killer of children In the United States. How
ever, as a result of widespread vaccination with diphtheria 
toxoid (an altered form of diphtheria toxin), diphtheria rarely 
occurs In the United States. Unfortunately, diphtheria con
tinues to be a major killer of children In developing coun
tries, where epidemics occur. 

Patient care. Use Droplet Precautions for hospitalized patients 
with pharyngeal diphtheria and Contact Precautions for 
hospitalized patients with cutaneous diphtheria. 

AddHionallnfonnatlon 

Pathogen. Diphtheria is caused by toxigenic (toxin-produc
ing) strains of Corynebacterium diphthsriae, pleomorphic, 
Gram-positive bacilli that form characteristic V-, l-, and 
Y-ahaped arrangements of bacilli. Only strains infected with 
a particular corynebacteriophage are toxigenic; the exotoxin 
(diphtheria toxin) is coded for by a bacteriophage gene. 

ReMrvon and Mode of Tra1111mlselon. Infected humans 
serve as reservoirs. Transmission occurs via alrbome drop
lets, direct contact, and contaminated fomites. 

Laboratory Dlagnoela. A nasopharyngeal swab and a throat 
swab, preferably containing a sample of the membrane, 
should be sent to the microbiology laboratory for culture. 
Special media called Loemer serum medium and cystlne
tellurtte or Tlnsdale medium are used for culture and Iden
tification of C. dlphtherlae. Toxigenicity can be determined 
using laboratory animals {rabbits or guinea pigs) or by an 
Immunodiffusion assay called the Elek test. 

Streptococcal Pharyngitis (Sbep TbroaQ. Strap throat is an Pathogen. Strap throat is caused by Streptococcus pyogenes, 
acute bacterial infection of the throat with soreness, chills, a !}-hemolytic, catalase-negative, Gram-positive coccus in 
fever, headache, a beefy red throat, white patches of pus on chains. II is also known as Group A streptococcus, GAS, or 
pharyngeal epithelium, enlarged tonsils, and enlarged and Strap A. 
lender cervical lymph nodes. The infection may spraad to Reservoirll and Mode of Tra1111misaion. Infected humans 
the middle ear, sinuses, or the organs of hearing. Untreated serve as reservoirs. Transmission occurs human to human 
strap throat can lead to complications (sequelae) such as by direct contact, usually hands; aerosol droplets; sacra-
scarlet fever (caused by erythrogenic toxin), rheumatic fe- tions from patients and nasal carriers; and contaminated 
ver, and glomerulonephritis. The latter two conditions result dust, lint, or handkerchiefs; contaminated milk and milk 
from the deposition of immune complexes beneath heart products have been associated with food borne outbreaks 
and kidney tissue, respectively. Some strains produce a of streptococcal pharyngitis. 
pyrogenic exotoxin that causes toxic shock syndrome and Laboratory Dlagnoela. The sole purpose of a routine throat 
some strains (the so-called flesh-eating bacteria) can cause culture Is to determine whether a patient does or does not 
necroHzlng fasclttls (refer back to Fig. 14-8). More than have strep throat. If !}-hemolytic streptococci are Isolated, 
200,000 cases occur annually In the United States, mostly they are tested to determine whether they are Group A 
among children aged 3-15 years. Although we hear more streptococci. Rapid strep tests (based on detection of an-
about S. pyogenes as a cause of pharyngitis, most cases of tlgen) can be performed on throat swabs, but If the testis 
pharynglds are actually caused by viruses. negative, a more traditional test (such as a throat culture) 

Patient care. Use Droplet Precautions for hospitalized Infants should be performed on pediatric patients. J 
and young children and Standard Precaudons for others. 
"----------· 



countries, pneumonia and dehydration from severe diarrhea 
are the leading causes of death. In 2015, pneumonia claimed 
the lives of almost 1 million children worldwide. It remains 
the number one killer of children aged under 5 years. Certain 
specific types of pneumonia (e.g., legionellosis and psittaco
sis) are nationally notifiable diseases in the United States. 

Patient care. Use Standard Precautions for all hospitalized 
patients; Droplet and/or Contact Precautions are required 
in addition to Standard Precautions for pneumonia caused 
by certain pathogens (e.g., Burkho/deria cepw, Legione/Ja 
spp., Neisseria menmgitidis, Mycoplasma pnermumiae, and 
S. l!JOgmes). 

Pathogens. A variety of microbes can cause pneu
monia, including Gram-positive and Gram-negative 
bacteria, mycoplasmas, chlamydias, viruses, fungi, and 
protozoa. Community-acquired bacterial pneumonia is 
most frequently caused by S. pneumoniae (pneumococcal 
pneumonia). S. pneumoniae is the most common cause of 
pneumonia in the world (Fig. 19-5). Other bacterial patho
gens include H. influenzae, Staphylococcus aureus, Klebsiellfl 
pneumoni11e, and occasionally other Gram-negative bacilli 
and anaerobic members of the oral micro biota. Atypical 
pathogens include Legionellfl (legionellosis), M. pnermurniae 
(mycoplasmal pneumonia; primary atypical pneumonia), 
and Chlmnydophila pneumoniae (chlamydia! pneumonia). 
Psittacosis (ornithosis; parrot fever), a type of pneumonia 
caused by Cblamydopbilfl psittar:i, is normally acquired 

•.. 

Figure t a-a. Oram·poalllve Strapfoeoccua pneumonlae 
(arrows) In a Oram-etalned smear ot a purulent (pus
containing) sputum specimen from a patient with pneumo
coccal pneumonia. Note the typical diplococcus arrangement 
of this bacterium. Several larger, pink-stained polymorphonu
clear neutrophil& (PMNs) can also be seen. PMNs stain pink 
with the Gram-staining procedure. (From Engleberg NC, at al. 
SchaechtBr's Mechanisms of Microbial Disease. 5th ed. Phila
delphia, PA: Lippincott Williams & Wilkins; 2013.) 
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by inhalation of respiratory secretions and desiccated 
droppings of infected birds (e.g., parrots and parakeets). 
Fungi such as Histop/a.sma capsu/lltum (histoplasmosis), 
Coccidioides immitis (coccidioidomycosis), Cryptococcus 
neoformtms (cryptococcosis}, BlasttJmyces (blastomycosis), 
Aspergillus (aspergillosis; see Fig. 20-4), and Pneumocystis 
jirover:ii (previously considered to be a protozoan) may 
be etiologic agents of pneumonia, especially in immuno
compromised individuals. Various 
species of bread molds can cause 
pneumonia in immunosuppressed 
patients; a condition known as 
mucormycosis (zygomycosis). 
Vll'al pneumonia may be caused by 

S. pneumoniae is 
the most common 
cause of pneumonia 
in the wortd. 

'-- _) 

adenoviruses, respiratory syncytial viros (RSV), parainilu
enza viruses, cytomegalovirus, measles virus, chickenpox 
virus, and other viruses. Health care-associated bacterial 
pneumonia is most often caused by Gram-negative bacilli, 
especially Klebsiella, Enterohaaer, Serratia, and Acinetobllt:ter 
spp. Pseudomonas 11eruginosa and S. aureus are also frequent 
causes of health care-associated pneumonias. Pneumonia 
is the most common fatal infection acquired in hospitals. 

STUDY AID 
Typical versus Atypical 
Pneumonia 

Patients with typical pneumonia 
experience chest pain, dyspnea 
(shortness of breath), fever, chills, and 
a productive cough (i.e., one that produces purulent 
sputum). Less common symptoms include anorexia, 
headache, nausea, diarrhea, and vomiting. Radio
graphic abnormalities are proportional to the physical 
symptoms. Common causes of typical pneumonia 
areS. pneumonlae, H. Influenzas, S. aureus, and 
viruses like influenza virus types A and B, parainflu
enza viruses, and RSV. Other causes are Legionella 
pneumophila, M. pneumoniae, C. pneumoniae, and 
Gram-negative bacilli. Atypical pneumonia has a 
more insidious (slower) onset than typical pneumonia. 
Patients present with headache, fever, cough with lit
tle sputum, and myalgia. Radiographic abnonnalities 
are usually greater than the physical symptoms would 
predict. Common causes of atypical pneumonia are 
M. pneumonia&, C. pneumoniae, L. pneumophila, and 
viruses like Influenza viruses, RSV, and adenovlruses. 
Other causes are C. psittaci, P. jirovecii (a fungus), 
varicella-zoster virus, and parainfluenza viruses. Note 
that some pathogens can cause either typical or 
atypical pneumonia. 
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R8881VOitS and Mode ot»ansmlsslon. In most cases, 
infected humans; other reselVO.irs include infected psittacine 
birds (parrots and parakeets) in psittacosis, soil, and bird 
droppings in histoplasmosis and cryptococcosis. Depend
ing on the pathogen involved, transmission is by droplet 
inhalation, direct oral contact, contact with contaminated 
hands and fomites, or inhalation of yeasts and fungal spores. 

Labonlfory Diagnosis. A good quality sputum specimen 
(coughed up from the patient's lungs) must be sent to the 
microbiology laboratory for culture and sensitivity. It must 
be sputum-not saliva. A laboratory workup of saliva will 

not provide clinically relevmt information. Laboratory 
personnel can differentiate between saliva and sputum 
by preparing and examining a Gram-stained smear of the 
specimen. Sputum will contain numerous WBCs and few 
epithelial cells, whereas saliva will contain few (if any) 
WBCs and numerous epithelial cells (refer to Fig. 13-8). 

Other Bacterial Infections of the 
Lower Respiratory 'Ifact 

Additional information pertaining to bacterial infections 
of the lower respiratory tract is contained in Table 19-6. 

Bacterial Infections of the Lower Respiratory Tract 

Disease 

Leglonellosla (Leglonnalraa Disease, Pontiac Fever). Legio
nellosis is an acute bacterial pneumonia with anorexia, mal
aise, myalgia, headache, high fever, chills, and dry cough, 
followed by a productive cough. shortness of bAM!th, diar
rhea, and pleural and abdominal pain. There is about a 40% 
fatality rate. Pontiac fever, an Influenza-like, less severe form 
of leglonellosls, Is not associated with pneumonia or death. 
Leglonellosls was first recognized as a disease following an 
outbreak In a Philadelphia hotel In 1976, but evidence exists 
that prior epidemics and deaths were caused by Legionel/8 
spp. Epidemics continue to occur, often associated with 
hotels, cruise ships, hospitals, and supermarkets. Legionel
losis usually affects eldarty persons; people with preexisting 
respiratory disease, diabetes mellitus, renal disease, or ma
lignancy; people who are lmmunocompromlsed; or people 
who smoke or drink heavily. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Mycoplllsmal Pneumonia (Primary Atypical Pneumonia). 
Mycoplasmal pneumonia has a gradual onset with heed
ache, malaise, dry cough, sore throat, and, less often, chest 
discomfort. The amount of sputum the patient produces Is 
scant at first, but may Increase as the disease progresses. 
Illness may last from a few days to a month or more. Myco
plasmal pneumonia is most common in people aged 5-35 
years. Pneumoniaa produced by mycoplaamas and chla
mydia& are the most common types of atypical pneumonia& 
o.e., pneumonias usually caused by organisms other than 
those that are the typical causes of pneumonia). 

Patient care. Usa Droplet Precautions for hospitalized patients 
for the duration of Illness. 

1\lberc:uloala (1'8). TB Is an acute or chronic mycobacterial 
infection of the lower respiratory tract with malaise, fever, 
night sweats, weight loss, and productive cough. Shortness 
of breath, chest pain, hemoptysis (coughing up blood), and 
hoarseness may occur in advanced stages. Widespread TB, 
known as military TB, Involves many lesions throughout the 
body. {See Chapter 11 for additional Information regarding 
the cummt 1B pandemic.) 

Additional Information 

Pathogen. The primary etiologic agent of legionellosis is 
Legionel/a pneumophils, a poorly staining, Gram-negative 
bacillus. Other Legionella spp. and organisms within related 
genera can also cause the disease. Currently, over 50 spe
cies of Legionella were known. 

Reservoirs and Mode of Thmsmlalon. Reservoirs Include en
vironmental water sou~es. such as ponds, lakes, and creeks; 
hot water and alr~ondltlonlng systems, cooling towers, and 
evaporative condensers; whirlpool spas, hot tubs, shower 
heads, humidifiers, tap water; and water distillation systems; 
decorative fountains; and perhaps dust. Transmission has 
occurred as a result of aerosols of Legi0!181/a spp. that have 
been produced by vegetable misting devices in supermar
kets. Legionellosis is not transmitted from person to person. 

Laboratory Diagnosis. Sputum and blood specimens should 
be sent to the microbiology laboratory for culture and 
sensitivity {C&S). Leglonella spp. stain poorly and require 
cysteine and other nutrients to grow. The recommended 
culture medium is buffered charcoal yeast extract agar. lm
munodiagnostic procedures are available, such as antigen 
detection in urine. 

Pathogen. The etiologic agent of mycoplasmal pneumonia is 
Mycoplasma pneumonia, a tiny, Gram-negative bacterium, 
lacking cell walls. 

Aeeervolrs and Mode of Transmission. Infected humans 
serve as reservoirs. Transmission occurs via droplet Inha
lation or direct contact with an Infected person, or articles 
contaminated with nasal secretions or sputum from an ill, 
coughing patient. 

Laboratory Diagnosis. Mycoplasmal pneumonia is diagnosed 
by demonstration of a rise in antibody titer between acute 
and convalescent sera. Molecular diagnostic procedures 
are also available. 

Pathogene. 1B may be caused by any of the species In the 
Mycobacterium tuberculosis complex, but it is most of-
ten caused by M. tuberculosis (a slow-growing, acid-faat, 
Gram-positive to Gram-variable bacillus). M. tuberculosis is 
sometimes referred to as the tube~la bacillus. 

Aeeervolrs and Mode of Transmission. Infected humans are 
the primary reservoirs; rarely, primates, cattle, and other 
Infected mammals can serve as reservoirs. Transml881on 



Disease 

Patient Care. Use Airborne Precautions for hospitalized pa
tients with pulmonary or laryngeal disease. Use Standard 
Precautions for patients with extrapulmona.ry or meningeal 
TB and no draining lesions. If the patient has draining le
sions, add Airborne and Contact Precautions. 

Whooping Cough (Pertueels). Whooping cough Is a highly 
contagious, acute bacterial childhood (usually) infection. The 
first stage (the prodromal or catarrhal stage) of the disease 
involves mild, cold-like symptoms. The second stage (the 
paroxysmal stage) produces sevwe, uncontrollable coughing 
fits. The coughing often ends in a prolonged, high-pitched, 
deeply Indrawn breath (the "whoop," from which whooping 
cough gets Its name). The coughing ftts produce a clear, 
tenacious mucus and vomiting. They may be so severe as to 
cause lung rupture, bleeding in the eyes and brain, broken 
ribs, rectal prolapse, or hernia. The third stage (the recovery 
or convalescent stage) usually begins within 4 weeks of on
set. Parapertussis is a similar but milder diseese. 

Patient Care. Use Droplet Precautions for hospitalized patients 
until 5 days after initiation of effective therapy. 

HISTORICAL 
OTE 

Tuberculosis: Captain of All These 
Men of Death 

•[Tuberculosis] has been referred to as 
possibly the first born of the Mother of 

Pestilence and Disease and Is known 
to have had few If any peers In causing 
Incapacity and death of people and do
mestic animals. In 1913, V.A. Moore of 

Cornell University wrote: 'As a destroyer 
of man, tuberculosis has no equal; as a scourge of 
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Addllonal lnfonnaaon 

occurs via airborne droplets produced by infected people 
during coughing, sneezing, and even talking or singing; usu
ally following prolonged direct contact with infected individ
uals. Bovine TB may result from exposure to Infected cattle 
or Ingestion of unpasteurized, contaminated milk or other 
dairy products. 

Laboratory Dlagnoals. Demonstration of acid-fast bacilli (AFB) 
in sputum specimens provides a rapid, presumptive diagnosis 
of tuberculosis. Isolation of M. tuberculosis on lowenstein
Jensen or Middlebrook culture media takes about 3-6 weeks 
because of the organism's long generation time (about 18-24 
hours). A variety of more rapid techniques are available for 
lsolaUon and ldentlflcatlon of M. tuberculosis, Including auto
mated and semlautomated lnS1JUments, molecular diagnostic 
procedures, and g8tHiquld chromatography. Susceptibility 
testing should be performed 88 soon 88 possible because 
many strains of M. tuberculosis are mu!tidrug resistant In
fected patients show a positive delayed hypersensitivity skin 
test (the Mantoux purified protein derivative [PPD] tuberculin 
skin test). and pulmonary tuberdes may be seen on chest 
radiographs. Recall from Chapter 16 that a positive TB skin 
test result may Indicate any of five posslblltues, Including past 
Infection, present Infection, or receipt of Bacillus Calmette
Gullrin (BCG) vaccine. Interferon gamma release assays 
(!GRAs) are currently used to diagnose latent tuberculosis. 

Pathogen. Pertuaals Is caused by Bordetella pertussis, a small, 
encapsulated, nonmotile, Gram-negative coccobacillus that 
producea endotoxin and axotoxins. Parapertussia is caused 
by Botdetella parapertussis. A related organism, Bordetella 
bronchiseptica, causes respiratory infections in animals, 
including kennel cough in dogs. 

Reservoirs and Mode of D'ansmlsslon. Infected humans 
serve as reservoirs. Transmission occurs via droplets pro
duced by coughing. 

Laboratory Diagnosis. Molecular diagnostic procedures are 
considered the preferable tests to diagnose pertuaaia. Na
sopharyngeal aspirates or swabs should be sent for testing. 
To culture for Botdetella, special media, such as Bordet
Gengou agar (a potato-based medium) or Regan-Lowe agar I 
(a charcoal/horse blood medium) are used. 

cattle, there is no other to compare it. • ... Reference 
has been made to the terrible destruction of tubercu
losis in various parts of the world for many centuries 
and it has been given numerous names, beginning 
with phthisis and consumption. It was so prevalent 
in England in the 17th century that John Bunyan in 
his book, The Ufe snd Death of Mr. Badman (1680), 
wrote of it as the 'Captain of All These Men of Death.' 
In 1861 Oliver Wendell Holmes named it 'The White 
Plague.' The name tuberculosis was coined in 1839 
by K. Schoenlein .... [In 1973,] the Wor1d Health Or
ganization referred to tuberculosis as 'The Monster.'" 
(From the Preface to Captain of All These Men of 
Death: Tubeteulosis Historical Highlights, by A. Arthur 
Myers. St. Louis, MO: Warren H. Green, Inc., 1977.) 
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BACTERIAL INFECTIONS OF THE 
ORAL REGION 

The anaerobic environment produced by oxidation
reduction reactions of the oral micro biota allows certain 
genera of anaerobic bacteria (e.g., Bt~Cte1YJU~es, Porphyronumas, 
Fusobfll:terium, Pnvotella,Aainrmty«s, and Treponema spp.) 
to become involved in the production of oral diseases. The 
coating that forms on unclean teeth, called dental plaque, 
is a coaggregation ofbacteria and their products. Many of 
these microbes produce a slime layer or glycocalyx that 
enables them to attach firmly and cause damage to the 
tooth enamel. Certain carbohydrates, especially sucrose, 
are metabolized by streptococci (especially Streptocoa:us 
mut:tmr), lactobacilli, and .Actin~ spp., producing lactic 
acid, which rapidly dissolves the tooth enamel. When plaque 
remains on teeth for more than 72 hours, it hardens into 
tartar or calculus, which cannot be completely removed 
by brushing and flossing. 

Acute Necrotizing Ulcerative Glnglvlls 

Acute necrotizing ulcerative gingivitis is also called Vmcent 
angina and trench mouth. 

Dil8118 
The term "trench mouth" originated in World War I, 
where soldiers developed the infection while fighting in 
trenches. It is usually the result of a combination of poor 
oral hygiene, physical or emotional stress, and poor diet. 

It involves painful, bleeding gums and tonsils, erosion of 
gum tissue, and swollen lymph nodes beneath the jaw. It 
causes extremely bad breath. 

Patient care 
Use Standard Precautions for hospitalized patientli. 

Palhagans 
Trench mouth is a synergistic (polymicrobial) infection 
involving two or more species of anaerobic bacteria of the 
indigenous oral microbiota. The 
most commonly involved bacte
ria are Fusolmaerium nuclelltUm 
(an anaerobic, Gram-negative 
bacillus) and Tnprmema vinantii 
(a spirochete). Other commonly 

f 
Trench mouth Is a 
good example of a 
synergistic (polymi
crobia~ infection. .._ I _, 

involved anaerobic Gram-negative bacilli are BlzctmJides 
spp., Prevote/14 intermedius, and Prevote/14 meltminogmic4. 

Pravenaan and Control 
As is true for other periodontal diseases, trench mouth 
can be prevented by good oral hygiene. Trench mouth is 
thought to be noncontagious. 

BACTERIAL INFECTIONS OF THE 
GASTROINTESTINAL TRACT 

Table 19-7 contains information pertaining to bacterial 
infections of the gastrointestinal (GI) tract. 

Bactertal Infections of the Gastrointestinal Tract 

Disease 

Bactarial Qall'lritia and QBBiric Ulcers. Infection with Heli
cobacter pylori can cause chronic bacterial gastritis and 
duodenal ulcers. Gastritis is suspected when a person has 
upper abdominal pain with nausea or heartburn. People 
with duodenal ulcers may experience gnawing, buming, 
aching, mild-to-moderate pain just below the breastbone, 
an empty feeling, and hunger. The pain usually occurs when 
the stomach is empty. Drinking milk, eating, or taking ant
acids generally relieves the pain, but It usually returns 2 or 3 
hours later. Gastric ulcers and gastric adenocarcinoma are 
also epidemiologically associated with H. pylori Infection. 
Gastric ulcers can cause swelling of the tissues leading Into 
the small Intestine, which prevents food from easily passing 
out of the stomach. This, In turn, can cause pain, bloating, 
nausea, or vomiting after eating. Gastr1c ulcers and duo
denal ulcers are types of peptic ulcers. Complications of 
peptic ulcers Include penetration, perforation, bleeding, and 
obstruction. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Additional Information 

Pathogen. H. pylori is a curved, microaerophilic, capnophilic, 
Gram-negative bacillus that is found on the mucus-secret
ing epithelial cells of the stomach. No other bacteria are 
known to grew in the extremely acidic stomach. 

R•ervoira and Mode of 1hmamission. Infected humans 
serve as reservoirs. Transmission probably occurs via 
ingestion; presumed to be either oral-oral or fecal-oral 
transmission. 

Laboratory Dlagnoels. Diagnostic techniques Include staining 
and culturing of gastric and duodenal biopsy specimens, 
the urea breath teet, the NH4 excretion teet, molecular di
agnostic procedures, and lmmunodlagnosllc procedures. 
In the urea breath test, the patient Ingests radioactively la
beled urea and his or her breath Is analyzed 60 minutes later 
for radioactively labeled C02• lhe enzyme urease, produced 
by H. pylori, splits the urea Into ammonia and C02; hence, 
the presence of radioactively labeled C02 Indicates the 
presence of H. pylori. In the NH4 excretion test, the patient 
consumes urea containing radioactively labeled nitrogen. 
The ammonia produced In the stomach by H. pylorf Is ab
sorbed into the blood, excreted in the urine, and the amount 
of radioactively labeled NH4 in the urine is measured. 
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-------------------------------------------------------------------------------------

Bacterial Infections of 1he Gastrointestinal Tract (continued) 1 

Dieeaee 

Campytobacter enterttl8. Campylobactel' enteritis Is an acute 
bacterial enteric disease, ranging from asymptomatic to 
severe, with diarrhea, nausea, vomiting, fever, malaise, and 
abdominal pain. The disease is usually self-limiting, last
ing 2-5 days. Stools may contain gross or occult (hidden) 
blood, mucus, and WBCs. Campyfobacter spp. are the ma
jor cause of bacterial diarrhea in the United States. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or Incontinent 
patients. 

Cholera. Cholera is an acute bacterial diarrheal disease with 
profuse watery stools, occasional vomiting, and rapid dehy
dration. If untraated, circulatory collapse, ranal failura, and 
death may occur. More than 50% of untreated people with 
sev .. cholera die. Cholera occurs worldwide, with periodic 
epidemics and pandemics. A cholera pandemic that started 
In PenJ In 1991 killed more than 10,000 people. Most u.s. 
cases Involve the Ingestion of raw or undercooked aeatood 
(e.g., oysters) fmm the coastal waters of Louisiana and 
Texas. 

Patient Cant. Use Standard Pracautions for hospitalized pa
tients. Add Contact Precautions for diap&Aid or incontinent 
patients. 

Salmonellosis. Salmonellosis is gastroenteritis with sudden 
onset of headache, abdominal pain, diarrhea, nausea, and 
sometimes vomiting. Dehydration may be severe. Salmonel
losis may develop Into septicemia or localized Infection In 
any tissue of the body. About 40,000 cases of salmonellosis 
are reported annually to the CDC. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or incontinent 
patients. 

Aclditionallnfonnation 

Pathogens. The etiologic agents of Campytobacter entefftls 
are Campytobacter Jejunf and, less commonly, Campyfo
bactar coli. Campytobacter spp. are curved, S-shaped, or 
spiral-shaped Gram-negative bacilli, often having a •gull
wing" morphology (a pair of curved bacilli) following Ctlll 
division. They are microaerophilic and capnophilic, with an 
optimal growth temperature of 42°C. 

Reservoirs and Mode ot 'D'ansmlsslon. Reservoirs are ani
mals, Including poultry, cattle, sheep, swine, rodents, birds, 
kittens, puppies, and other pets. Most raw poultry Is con
taminated with C. jejuni, thus necessitating proper methods 
of cleaning and disinfecting in the kitchen. Transmission oc
curs via ingestion of contaminated food (e.g., chicken and 
pork), raw milk, or water; contact with infected pets or farm 
animals; or contaminated cutting boards. 

Laboratory Diagnosis. Diagnosis depends on the recovery of 
Campyfobacter spp. from stool specimens, using selective 
medium (Campy blood agar, which contains several anti
microbial agents to suppress growth of other bacteria), a 
Campy gas mixture (5% 0 2, 10% C02, and 85% N:z), and 
42°C incubation. Molecular diagnosis as part of a syn
dromic diarrheal panel (Chapter 13) can also be used. 

Pathogene. The etiologic agents of cholera are certain bi~ 
typ• of Vibrio cholente serogroup 01. These are curved 
(comma-shaped) Gram-negative bacilli that secrete an en
terotoxin (a toxin that adversely affects cells in the intestinal 
tract) called choletagen. Other Vibrio spp. (Vibrio parahemo
lytlcus and Vlblto vulnlflcus) also cause diarrheal diseases. 
Vlbrtos are halophilic (salt loving) and are thus found In 
marine environments. 

Reaervalra and Mode of lhlnamlalon. Reservoirs include in
fected humans and aquatic raaervoirs (copepods and other 
zooplankton). Transmission occurs via the fecal~ral route, 
contact with feces or vomitus of infected people, ingestion 
of fecally contaminated water or foods (especially raw or 
undercookecl shellfish and other seafood), or mechanical 
transmission by flies. 

Laboratory Dlagnoele. Rectal swabs or stool specimens 
should be Inoculated onto thloeulfate-cltrate-blle-eucrose 
(TCBS) agar; different Vibrio spp. produce differant reac
tions on this medium. Biochemical tests are used to identify 
the various speci•. Biotyping is accomplished using com
mercially available antisera. 

Pathoaens. Gastrointestinal (GO salmonellosis is caused by 
members of the family Enterobacteriaceae, cul"t9ntly named 
Salmonella entertca (of which there are more than 2,000 
serotypes or serovars). These Gram-negative bacilli Invade 
intestinal cells, release endotoxin, and produce cytotoxin& 
and enterotoxin a. About 200 of the S. enterica serotypes 
cause Gl salmonellosis in the United States. The most 
commonly reported serotypes are S. enteric& subsp. enter-
ica serovar typhimurium (also known as Salmonella typh
imurium) and S. ent.erica subsp. ent.erica serovar enteritidis 
(also known as Salmonella enterltfdls). 

Reservoirs and Mode of 'D'ansmlsslon. Reservoirs Include a 
wide range of wild and domestic animals, such as poultry, 
swine, cattle, rodents, reptiles (e.g., pet Iguanas and turtles), 
pet chicks, dogs, and cats. Infected humans (e.g., patients 
and carriers) are also reservoirs. Transmission occurs via 

(continued) 
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Bacterial Infections of the Gastrointestinal ll'act (continued) 

Disease Addltlonallnformatlon 

Typhoid Fever (Enteric F8¥811. Typhoid fever is a systemic 
bacterial disease with fever, severe headache, malaise, 
anorexia, a rash on the trunk In about 2596 of patients, 
nonproductive cough, and constipation. Bacteremia, pneu
monia, gallbladder, liver, and bone infection, endocarditis, 
meningitis, and other complications may occur. About 
1 096 of untnlated patients die. Worldwide, an estimated 
17 million cases occur per year with approximately 600,000 
deaths. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or Incontinent 
patients. 

Shigellosis (Bacillary Dysentery). Shigellosis Is an acute bac
terial Infection of the lining of the small and large Intestine, 
producing diarrhea (as many as 20 bowel movements a day) 
with blood, mucus, and pus. Other symptoms include nau
sea, vomiting, cramps, and fever. Sometimes toxemia (tox
ins in the blood) and convulsions (in children) occur. Other 
serious complications, such as hemolytio-uremic syndrome, 
may occur. Wor1dwide, shigellosis is estimated to cause ap
proximately 600,000 deaths per year, with about two-thirds 
of the cases and most of the deaths occurring In children 
younger than 1 0 years. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or incontinent 
patients. 

ingestion of contaminated food (e.g., eggs, unpasteurized
milk, meat. poultry, and raw fruits and vegetables), f~ 
oral transmission from person to person, food handlers, or 
contaminated water supplies. 

Laboratory Dlagnoele. Stool specimens should be submit
ted to the microbiology laboratory for culture. Sa/monel/a 
spp. are nonlactose fermenters and thus produce col
orless colonies on MacConkey agar. Biochemical tests 
are used for identification, and commercially available 
antisera are used for serotyping. Molecular diagnosis as 
part of a syndromlc diarrheal panel (Chapter 13) can also 
be used. 

Pathogen. Typhoid fever is caused by Salmonella typhi (also 
known as the typhoid bacillus), a Gram-negative bacil
lus that releases endotoxin and produces exotoxlns. A 
similar but less severe Infection Is caused by Salmonella 
petBtyphi. 

Reeervoirs and Mode of Transmillllion. Infected humans 
serve as reservoirs for typhoid and paratyphoid; rarely, 
domestic animals for paratyphoid. Some people become 
carriers following infection, shedding the pathogens in their 
feces or urine. (Refer to Chapter 11 for the "Typhoid Mary" 
story.) Transmission occurs via the fecal~ral route; food or 
water contaminated by feces or urine of patients or canters; 
oysters harvested from fecally contaminated waters; fecally 
contaminated fruita and raw vegetables; or from faces to 
food by mechanical transmiaaion by flies. 

Lllboratory Diagnosis. Diagnosis of typhoid fever is made by 
isolation of S. typhi from blood, urine, feces, or bone mar
row, followed by identification by biochemical tests. lmmu
nodlagnostlc procedures are also available. 

Pathogens. The etiologic agents of shigellosis are Shigella 
df$61tf.erlae, Shigella tlexnerl, Shigella boyd/1, and Shigella 
$011ne/. They are nonmotile Gram-negative bacilli that are 
members of the Enterobacteriaceae family. A plasmid 
is associated with toxin production and virulence. 
Relatively few (1 Q-1 00) organisms are required to cause 
disease. 

Reservoirs and Mode of Transmission. Infected humans 
serve as reservoirs. People become infected by direct or 
Indirect fecal-oral transmission from patients or canters; 
fecally contaminated hands and fingernails; or fecally con
taminated food, milk, and drinking water. Flies can mechan
ically transfer organisms from latrines to food. 

Lllboratory Diagnosis. Leukocytes will be present in 
stool specimens. Fresh fecal or metal swabs should be 
immediately inoculated into Gram-negative enrichment 
broth and onto a solid medium (such as MacConkey, xylose 
lysine deoxycholate [XLD], or Hektoen enteric [HE] agat1. 
Shigella spp. produce colorless colonies on MacConkey 
agar because they are nonlactose fermenters. Isolates 
are Identified by biochemical and lmmunodlagnostlc 
procedures. Moleoolar diagnosis as part of a ayndromic 
diarrheal panel (Chapter 13) can also be used. 
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Bacterial Infections of 1he Gastrointestinal Tract (continued) 

Dl•ase 

Clotstridium difticit.-Aaociated Diseases. C. diflicile is the 
maJor cause of conditions known as antibiotic-associated 
dlanhea (AAD) and pseudomembranous colitis (PMC), 
which frequently occur In patients following antibiotic ther
apy. It does not seam to matter for what condition the pa
tient was receiving antibiotics, which antibiotics the patient 
was receiving, the dosage, or the route of administration. 
Antibiotics that have a profound effect on colonic microbes, 
such as cephalosporins, ampicillin. amoxicillin, and clinda
mycln, are the drugs most frequently Implicated. 

Patient Care. Use Contact Precautions for the duration of Ill
ness. Use soap and water for handwashlng. The alcohol In 
waterless antiseptic handrubs lacks sporicidal activity. 

Addltlonallnfonnatlon 

Pathogen. C. diflicife (often referred to simply as "C. diff') is a 
spore-fonnlng anaerobic Gram-positive bacillus. 

RNef'VOins and Mode of 'D'anemleelon. c. dlfflclfe Is a 
member of the Indigenous mlcroblota In about 2%-3% of 
healthy, nonhospitalized adults. Hospitalized patients tr. 
quently become colonized with C. diflicile as a result of its 
presence in the hospital environment. It is estimated that 
about 20%-30% of hospitalized patients are colonized with 
c. diflicife. 

molecular diagnostic testing. 

Laboratory Diagnosis. C. dlfflclfe Is Identified In the labora
tory using a variety of phenotypic characteristics. However, 
diagnosis of c. dlfflclfe-e.s8oclat8d diseases Is most often 
accomplished using some type of comme~lal enzyme Im
munoassay, cytotoxin tissue culbJre assay, or, most recently, I 

~---------------------------------------------------------------------------------·J 

Enteropathogenic Est:herichia coli 
E. coli is a Gram-negative bacillus that is found in the 
GI tract of all humans. The strains and serotypes of E. 
coli that are part of the indigenous microbiota. of the GI 
tract are opportunistic pathogens. They usually cause no 
harm while in the GI tract, but have the potential to cause 
serious infections if they gain access to the bloodstream, 
the urinary bladder, or a wound. E. coli is the major cause 

Enteropathogenic Escherichia coli 

Disease 

Enterohemonhagic E. coli {EHEC) Diarmea. This disease 
consists of a hemonf'lagic, watery dianhea with abdominal 
cramping. Usually, patients have no fever or only a slight 
fever. About 5% of Infected people (especially children 
younger than 5 yeers and the elderly) develop hemolytlc
Unilmlc syndrome (HUS), with anemia, low platelet count, 
and kidney failure. The first recognized outbreak of dianhea 
caused by EHEC (0157:H7) occurred in 1982, involving 
contaminated hamburger meat-hamburger meat contam
inated with cattle feces. Since then, several well-publicized 
epidemics involving the same serotype have occurred. Not 
all of the outbreaks Involved meat; some resulted from In
gestion of unpasteurized milk or apple juice, lettuce, or other 
raw vegetables. It has been estimated that E. ooll 0157:H7 
Infection accounts for as many as 73,000 cases of Illness 
and 80 deaths in the United Ststes par year. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or incontinent 
patients. 

of septicemia, urinary tract infections (U11s), and health 
care-associated infections. 

There are other strains and serotypes of E. coli in nature 
that are not indigenous microbiota of the human colon and 
always cause disease when they are ingested. Collectively; 
these strains and serotypes are referred to as enteropatho
genic E. (X)U. Information pertaining to two general types, 
the enterohemorrhagic E. coli and the enterotoxigenic 
E. coli, is contained in Table 19-8. 

Addltlonallnformaaon 

Pathogens. E. coli 0157:H7 (a serotype that possesses 
a cell wall antigen designated •o157" and a flagellar 
antigen designated •H7j is the most commonly involved 
EHEC serotype. Other EHEC serotypes Include 026:H11, 
0111 :H8, and 01 04:H21. These are all Gram-negative 
bacilli that produce potent cytotoxlns called Shiga-like 
toxins-named for their close resemblance to Shiga toxin, 
produced by Shigella dys9rtteri8.9. 

Reservoirs and Mode of Transmission. Reservoirs include 
cattle and infected humans. Transmission occurs via the 
fecal-oral route; inadequately cooked, fecally contaminated 
beef; unpasteurized milk; petSOn-to-person contact; or 
fecally contaminated water. 

Laboratory Diagnosis. E. coli 0157:H7 l~lon should 
be suspecbxJ In any patient with bloody dlanhea. Stool 
specimens should be inoculated onto sorbitoi-MacConkey 
(SMAC) agar. Colorlesa, sorbitol-negative colonies should 
then be assayed for 0157 antigen using commercially 
available antiserum. Other immunodiagnostic procedures 
are available. Molecular diagnosis as part of a syndromic 
dlal'l'heal panel (Chapter 13) can also be used. 

(continued) 
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Disease 

Enterotoxlgenlc E. coli (ETEC) Diarrhea {D'aveler's DIIJI
rhee). This dlseese consists of a watery dlanhea with or 
without mucus or blood, vomltfng, and abdominal cramping. 
Dehydration and low-grade fever may occur. Enterotoxigenic 
strains of E. coli are the most common cause of traveler's di
arrhea worldwide and a common cause of diarrheal disease 
in children in developing countries. 

Patient care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or Incontinent 
patients. 

Bacterial Foodborne Intoxications (Foodbome 
Infections and Food Poisoning) 
The term "food poisoning" is broad and may include diseases 
resulting from the ingestion of chemical contaminants as well 
as bacteria or bacterial toxins, phyootoxins, myootoxills, viruses, 
or protozoa. Technically, diseases resulting from the ingestion 
of toxin-producing miaobes are called infectious diseases, 
whereas diseases resulting from the ingestUm of preformed 
microbial toxins are called microbialimmicmons. The dis
tinction is based on where the toxin is actually produce~in 
the body (in vivo) or in the food (in vitro). The incubation 
time (the time that elapses between ingestion and the onset 

of symptoms) is usually shorter in microbial intoxications. If 
toxin-producing bacteria are ingested, the incubation time 
will depend on the number of bacteria ingested, their gener
ation time, and the amount of time it takes them to produce 
enough toxin to produce symptoms . .According to the CDC, 
approximately 76 million cases of foodbome illness occur 
each year in the United States, resulting in more than 5,000 
deaths and 3 25,000 hospitalizations. Appendix. 1 on '" ~int 
contains information pertaining to microbial intoxications. 

BACTERIAL INFECTIONS OF THE 
GENITOURINARY SYSTEM 

Urinary Tract Infections 
Recall from Chapter 17 that UTis can be divided into 
upper UTis and lower UTis. Upper UI1s include in
fections of the kidneys (nephritis or pyelonephritis) and 
ureters (ureteritis). Lower Uris include infections of the 
urinary bladder (cystitis), the urethra (urethritis), and, in 
men, the prostate (prostatitis). Most UTis are acquired via 
the ascending route, whereby the pathogen moves upward 
from the urethra. Far fewer UTis occur via the descending 
route from the bloodstream to the kidneys. 

A variety of indigenous microbes are found at and near 
the outer opening (meatus) of the uredtta of both men and 
women. These microbes can ascend the urethra and gain 
access to the urinary bladder. UI1s may result from poor 

Additional Information 

Pathogens. ETEC dlanhea Is caused by many different sero
types of enterotoxlgenlc E. coli that produce a heat-labile 
toxin or a heat-stable toxin or both. 

Reservoirs and Mode of lnlr.mlaslon. lnfacted humans 
serve as reservoirs. Transmission occurs via the fecal-oral 
route or ingestion of fecally contaminated food or water. 

Laboratory Diagnosis. Molecular diagnosis as part of a syn
dromic dianheal panel (Chapter 13) can be usect. 

personal hygiene, semal inter- E. co/lis the number ,, 
course, the insertion of catheters, one cause of uns. 
and other means. A patient with a '- .) 
UTI presents with dysuria (difficulty or pain on urina.tion), 
lumbar pain, fuver, and chills. The latter two symptoms are 
more oommon in pyelonephritis than in cystitis. The most 
common causes of UI1s are E. coli and other members 
of the family Enterobacteriaceae (especially Proteus and 
Klebsiella spp.; Fig. 19-6). Other common causes of UTis 
are EntmJcocct~S spp., Staphylcroa:us spp. (especially S. aureus, 
S. epidtrmidis, and S. sapropl:!yticru), and P. aeruginora. 

UTis may he acquired either within a health care setting 
(called health care-associated UTis) or elsewhere (called 
community-acquired UTis). Uris are the most oommon 
type of health carer-associated infection, often following 

· th · · r 1 unnary ca etenzatton. Chlamydia tlacho-

Infections of the 
Genital Tract 

common Bacterial sexually 
'D'antmiHed Dllaasas 
Table 19-9 contains information 
pertaining to common bacterial 
STDs. 

matis is the most 
common sexually 
transmitted patho
gen. Genital chla
mydiasis is the most 
commonly reported 
nationally notifi
able disease in 1he 
United States . .._0 _______ ) 

Figure 11-e. Many Gram-nega:tive bacilli {anws) and many 
plnk-stalnng polymorphonuclear net.rnphls can be seen In 
tttls Gram·stalned urine sediment from a patient wHh cyetttfe 
(urinary bladder Infection). (From Winn WC Jr, et al. Koneman's 
Color Atfas snd Textbook of Diagnostic Microbiology. 6th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.) 
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Bacterial Sexually Transmitted Diseases 

Dieeaae 

Genital Chlamydlallnfectlone, Genital Chlamydlaele. 
Chlamydia trachomatls Is considered to be the most com
mon sexually transmitted pathogen. Different serovars of 
C. trachomatis cause different diseases. Serovars D 
through K are the major causes of nongonococcal urethri
tis (NGU) and epididymitis in men and cervicitis, urethritis, 
endometritis, and salpingitis in women. causing muco
purulent urethral discharge, urethral Itching, and burning 
on urination; may also cause Infertility and proctitis In 
men. Most commonly causes endooervfcal and urethral 
infections, salpingitis, infertility, and chronic pelvic pain in 
women. Infection during pregnancy may result in prema
ture rupture of membranes and preterrn delivery aa well as 
conjunctivitis and pneumonia in neonates. Genital chla
mydia! infection may be concurrent with gonorrhea. 

Patient care. Use Standard Precautions for hospitalized 
patients. 

Gonorrhea. It is important to und.stand that not all clinical 
presentations of gonorrhea Involve the genital tract. Gon
orrhea may present as asymptomatic mucosal Infection, 
ophthalmia neonatorum, urethritis, proctitis, pharyngitis, 
epididymitis, cervicitis, Bartholin gland infection, pelvic 
inflammatory disease, endometritis, salpingitis, peritonitis, 
and disseminated gonococcal infection. Patients with 
disseminated gonococcal infection have myalgia (muscu
lar pain), arthralgia Ooint pain), polyarthritis ~nflammetion 
of joints}, and a characteristic dennatitis-skin lesions 
located primarily on the extremities. Urethral discharge 
and painful urination are common In Infected men, usually 
starting 2-7 days after Infection. Infected women may be 
asymptomatic for weeks or months, during which time s• 
vera damage to the reproductive system may occur. 

Patient Cant. Use Standard Precautions for hospitalized 
patients. 

Syphllla. Syphilis Is a treponema! disease that occurs In four 
stages: (a) primary syphilis-a painless lesion known as 
a chancre (refer back to Fig. 14-4), which develops at the 
site where Treponema psffidum entered the genital mu
cosa or skin through a break in the surface; (b) secondary 
syphilis-a skin rash (especially on the palms and soles) 
about 4-6 weeks later, with fever and mucous membrane 
lesions, followed by (c) a long latent penod (as long as 
5-20 years); and then (d) tertiary syphilis-with damage to 
the central nervous system (CNS}, cardiovascular system, 
visceral organs, bones, sense organs, and other sites. 
Damage to the CNS or heart is usually not reversible. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Aclditionallnfonnation 

Pathogen. Genital chlamydlallnfectlons are caused by cer
tain serotypes of C. trachomatls, Uny, obligate Intracellular, 
Gram-negative bacteria. (Less common causes of NGU are 
herpes simplex viruses, Mycoplasma genitalium, and Tricho
monas vaginslis.) 

Reservoirs and Mode of 'lhlnsmission. Infected humans serve 
as reservoirs. Transmission occurs via direct sexual contact or 
mother to neonate during birth. 

Laboratory Dlagnoele. Molecular dlagnosUc procedures are the 
most common method for detection of Chlamydia. Identifica
tion of C. trachomatis by cell culture, staining, and immunodi
agnostic procedures may also be used. 

Pathogen. Gonorrhea is caused by Neisseria gononnoeae (also 
known as gonococcus or GC}, a Gram-negative diplococcus. 
Some strains (called penicillinase-producing N. gononnoeae 
or PPNG) possess plasmlds containing the gene for penicilli
nase production; acme strains are multidrug resistant. 

Reeervoira and Mode of 'lhlnsmiuion. Infected humans serve 
as reservoirs. Transmission occurs via direct mucous mem
bran•to-mucous membrane contact, usually sexual contact; 
adult to child (may indicate sexual abuse); and mother to n~ 
nate during birth. 

Laboratory Dlagnoels. Molecular diagnostic procedures are the 
most common method for detection of GC In genital speci
mens. Gonorrhea In male patients can also be diagnosed by 
the typical appearance of Gram•tained urethral discharge 
specimens, with numerous WBCs and numerous intracel
lular and extracellular Gram-negative diplococci (Fig. 19-7). 
Specimens ara inoculated to chocolate agar or a modified 
chocolate agar (such as Thayer-Martin medium, Martin-Lewis 
medium, or Transgrow). Because of the Increasing Incidence 
of antibiotic resistance, susceptibility testing of GC should be 
perfonnecllf the bacterium Is recovered In culture. 

Pathogen. Syphilis Is caused by T. ps/1/dum, a Gram-variable, 
tightly coiled spirochete that Is too thin to be seen with bright
field microscopy (refer back to Fig. 4-22). 

Reeervoire and Mode of 'lhlnemisaion. Infected humans serve 
as reservoirs. Transmission occurs via direct contact with 
lesions. body secretions, mucous membranes, blood, semen, 
saliva, and vaginal discharges of Infected people, usually 
during sexual contact; blood transfusions; or transplacentally 
from mother to fetus. 

Laboratory Dlagnoele. Primary syphilis can be diagnosed 
by darkfield microscopy (refer back to Fig. 2-8) of material 
acraped from the margin of chancres but is rarely performed. 
Many immunodiagnostic procedures are available, such as 
the rapid plasma reagin (RPR), Venereal Disease Research 
Laboratory (VORL), and fluorescent treponema! antibody ab
sorption (FTA-Abs) tests for detecting antibodies in serum or 
spinal fluid specimens and fluorescent antibody procedures 
for detecting anUgen In material obtained from lesions or 
lymph nodes. 
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Figure 1 ... 7. Gram-stained urethral exudate from a male 
patient with gonococcal urethritis. The large pink-staining 
objects are polymorphonuclear neutrophile, some of which 
contain phagocytized Gram-negative Neisseria gonorrhoes:e 
diplococci (anows). (Provided by Joe Millar and the CDC.) 

Lass Common Bactarlal Sexually 
Transmnted Dlsaases 
Other bacterial pathogens may also be sexually transmit
ted. Three bacterial STDs, seen more often in parts of 
the world other than in the United States, are chancroid, 
granuloma inguinale, and lymphogranuloma venereum 
(LGV). Chancroid is caused by the Gram-negative bacte
rium I:lamwphilus Jucreyi. Granuloma inguinale is a chronic 

Dieeaee 

Spotted fever rtcketteloels (formerly called Rocky 
Mountain spotted fever). A tick-borne rickettsial disease 
characterized by sudden onset of moderate-to-high fever, 
extreme exhaustion (prostration), muscle pain, severe 
headache, chills, conjunctival infection, and maculopap· 
ular rash on extremities on about the third day, which 
spreads to the palms, soles, and much of the body 
(Fig. 19·8). In about 4 days, small purplish areas (pete
chiae) develop as a result of bleeding In the skin. Although 
uncommon, death can result. Spotted fever rickettsiosis 
occurs in all parts of the United States, especially the 
Atlantic seaboard. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Endemic lWJhus Fever. Endemic typhus fever, also known 
as murine typhus fever and flee-borne typhus, is an acute 
febrile disease that is similar to, but milder than, epidemic 
typhus, which is described next. Symptoms include shak· 
lng chills, headache, fever, and a faint, pink rash. Endemic 
typhus has a worldwide occurrence, but Is rare In the 
United States. 

Patient Cara. Use StandaJd Precautions for hospitalized 
patients. 

infection caused by a Gram-negative bacterium named 
KkbsUI/a gmnullrmntis (formerly called C11/ymmlm:lbacurium 
gnmulomatis). LGV is a chlamydia! infection involving the 
lymph nodes, rectum, and reproductive tract. It is caused by 
cert2in serotypes of C. f:rll(;bfmllltis. It should be noted that 
many STDs are transmitted simultaneously; thus, when a 
patient is diagnosed with one STD, others should be sought. 

BACTERIAL INFECTIONS OF THE 
CIRCULATORY SYSTEM 

Rickettsial and Ehrllchlallnfectlons of the 
Ganllovascular System 
Recall that rickettsias and ehrlichias are obligate intra
cellular, Gram-negative bacteria. Table 19-10 contains 
information pertaining to rickettsial and ehrlichial diseases 
of the cardiovascular system. 

Other Bact.lallnfecllons or the 
Ganliovascular System 

lnflctlve Endocarditis 
Infective (or infectious) endocarditis is usually caused 
by a bacterium or a fungus. It is characterized by the 
presence of vegetations (combinations of bacteria and 

Additionallnfonnation 

Pathogen. The etiologic agent of spotted fever rickettsiosis Is 
Rickettsia rickettsii, a Gram-negative bacterium. Like all rick
ettsias, R. rickettsii is an obligate intracellular pathogen; it 
invades endothelial cells (cells that line blood V988els). 

Reservoirs and Mode of Transmission. Reservoirs include 
infected ticks on dogs, rodents, and other animals. Transmis
sion occurs via the bite of an infected tick. Person-to-person 
transmission rarely occurs-through blood transfusion. 

Laboratory Dlagnoel& lmmunodlagnostlc procedures are used 
to diagnose this disease. 

Pathogen. The etiologic agent of endemic typhus is Rickettsia 
typhi, a Gram-negative bacterium and obligate intracellular 
pathogen. 

Reservoirs and Mode of Transmission. Reservoirs include 
rats, mice, possibly other mammals, and Infected rat fteas. 
Transmission occurs from rat to ftea to human. Infected fleas 
defecate while feeding, and the rickettsiae In the fecee are 
rubbed into the bite wound or other superficial abrasions. 
Person-to-person transmission does not occur. 

Laboratory Diagnosis. lmmunodiagnostic procedures are used 
to diagnose endemic typhus. 



Diseaee 

Epidemic Typhus Fever. Epidemic typhus or louse-bome 
typhus Is an acute rickettsial disease, often with sudden 
onset of headache, chills, prostration, fever, and general 
pains. A rash appears on the flfth or sixth day, Initially on 
the upper trunk, followed by spread to the entire body, but 
usually not to the face, palms, or soles. Epidemic typhus 
fever may be fatal if untreated. It occurs in cold climates 
in areas where people live under unhygienic conditions 
and are louse infested. In World War I, the body lice that 
transmitted epidemic typhus were refened to as •cooties• 
by soldiers. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Ehrllchloel& Ehr11chlosls Is an acute, febrile Illness ranging 
from asymptomatic to mild to severe and life threatening. 
Patients usually present with acute influenza-like illness 
with fever, headache, and generalized malaise. Ehrlichi
osis is reminiscent of spotted fever rickettsiosis, without 
the rash. The estimated fatality rate is about 5%. There 
are two types of ehrlichiosis: human monocytic ehrlichio
sls (HME) and human granulocytic anaplasmosis (HGA). 
Cases of HGA are more common than HME cases. Most 
HME cases have occurred In the southeast and mid-At
lantic states, whereas most HGA cases have occulTed in 
states with high rates of Lyme disease (particularly Con
necticut, Minnesota, New York, and Wisconsin). In these 
states, the tick that transmits the HGA agent is the same 
tick that transmits Botrelia burgdotferi, the etiologic agent 
of Lyme disease and Babesia, a parasitic infection. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

-
Figura 19-8. Rash of spottad fever rlckettalol!lla (formerly 
called Rocky Mountain spoHed fever). (Provided by the CDC.) 

blood clots) on or within the endocardium, most com
monly involving a heart valve. Abnormal or damaged 
valves are most susceptible to infection, although valves 
can become contaminated during open heart surgery. 
The vegetations can break loose and be transported to 
vital organs, where they can block arterial blood flow. 
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Additional Information 

Pathogen. The etiologic agent of epidemic typhus is Rickettsia 
prowazeldl, a Gram-negative bacterium and obligate Intracel
lular pathogen. 

ReeervolnJ and Mode of lhlnemleelon. Reservoirs Include 
infected humans and body lice (Pediculus hutn81lus; see Fig. 
21-14). Transmission occurs from human to louse to human. 
Infected lice defecate while feeding, and the rickettsiae in 
the feces are rubbed into the bite wound or other superficial 
abrasions. 

Laboratory Diagnosis. lmmunocllagnostlc procedures are used 
to diagnose epidemic typhus. 

Pathogene. The etiologic agents of ehrllchlosls are Gram
negative coccobacilli that are closely related to rickettsias. 
They are obligate intraleukocytic pathogens. Ehrlichia 
cheffeensis invades human monocyte&, causing HME. 
Anaplesma phagocytophi/um invades human granulocytes, 
causing HGA. A canine species, Ehrlichia ewiflgii, has caused 
a small number of human cases. 

Reservoirs and Mode of lhlnsmlsslon. Reservoirs are un
known. Transmission occurs via tick bite. The two different 
types of ehrllchlosls seem to be transmitted by different spe
cies of ticks. 

Laboratory Diagnosis. Ehrlichiosis is diagnosed using immun~ 
diagnostic procedurae and nucleic acid assays. 

Obviously, such obstructions are very serious, possibly 
leading to strokes, heart attacks, and death. 

The two most common types of infective endocarditis 
are acute bacterial endocarditis and subacute bacterial 
endocarditis (SBE). Acute bacterial endocarditis is usu
ally caused by colonization of heart valves by virulent 
bacteria, such asS. aureus (the most common cause), 
S. pneumoniae, Neisseria gonorrhoeae, S. pyogenes, and 
Enterococcus foecalis. In SBE, heart valves are infected by 
less virulent organisms such as a-hemolytic streptococci 
of oral origin (viridans streptococci), Staphyl«occus epi
lkrmidis, Enterococt:US spp., and Haemqpbilus spp. Fungal 
endocarditis is rare, but cases of Candida and Aspergillus 
endocarditis do occur. 

Oral streptococci can enter the bloodstream following 
minor or major dental procedures, oral surgery, and aggres
sive tnotb. brushing. Phlebotomy procedures and insertion 
of intravenous (IV) lines sometimes force organisms from 
the skin into the bloodstream. IV drug users are at high 
risk of developing infective endocarditis as a result of con
taminated needles, syringes, and drug solutions. 
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L; d. . 1 Blood cultures are required 
:fJTl8 1sease 1s fo th dia . f . fe . 

the most common r e gnoSJS o m cttve 
arthropod-borne endocarditis. Tre~tment will 
disease in the depend on the speafic pathogen 
United States. involved and the antimicrobial 

.... _______ . ..J susceptibility results. 

Additional information pertaining to bacterial infections 
of the cardiovascular system is contained in Table 19-11. 

BACTERIAL INFECTIONS OF THE 
CENTRAL NERVOUS SYSTEM 

Bacteria that can cause meningitis were discussed under 
the "Infections of the Central Nervous System Having 
Multiple Causes" section in Chapter 17. Additional in
formation pertaining to bacterial infections of the central 
nervous system is contained in Table 19-12. 

Other Bacterial Infections of the Cardiovascular System 

Disease 

Brucellosl•. Brucellosis is a disease of the reticuloendothelial 
system. The infection can have a prolonged incubation 
period. Disease onset is insidious and nonspecific with 
complaints such as fever, sweats, arthralgia&, myalgia, 
fatigue, loss of appetite, weight loss, hepatomegaly, and 
splenomegaly. 

L¥m• Disease. Lyme disease or Lyme bonaliosis is a tick-borne 
disease characterized by three stages: (a) an early, distinc
tive, target-like, red skin lesion, usually at the site of the tick 
bite, expanding to a diameter of 15 em, often with a central 
clearing (Fig. 19-9); (b) early systemic manifestations thlll: 
may include fatigue, chills, fever, headache, stiff neck, muscle 
pain, joint ache&, with or without lymphadenopathy; and (c) 
neurologic abnormalities (e.g., aseptic meningitis, facial pa
ralysis, myelitis, and encephalitis) and cardiac ahnormalitiBS 
(e.g., arrhythmias and pericarditis) several weeks or months 
after the initial symptoms appear. The disease gets its nama 
fmm the fact that the first U.S. cases occunad in Lyme, 
Connecticut. Although Lyme disease is the most common 
arthropod-borne diaease in the United States, it daBS not 
occur nationwide. In 2017, 96% of cases were f'8ported from 
13 states, prtmartly In the northeast and upper Midwest. 

Patient Care. Use Standard Precautions for hospitalized patlenta. 
Plague. Plague Is an acute, often severe zoonosis. Initial signs 

and symptoms may Include fever, chills, malaise, myalgia, 
nausea, prostration, sore throat, and headache. 

Bubonic plague Is named for the swollen, Inflamed, and ten
der lymph nodes (buboes) that develop. Usually, the lymph 
nodes affected are those receMng drainage from the site 
of the bite of an infected flea. In about 90% of cases, the 
Inguinal (groin area) lymph nodes are Involved. 

Pneumonic plague, which is highly communicable, involves 
the lungs. It can result in localized outbreaks or devastating 
epidemics. 

Septicemic plague may lead to septic shock, meningitis, and 
death. 

Patient Care. Use Standard Precautions for hospitalized pa
tients with bubonic and septicemic plague. Add Droplet 
Precautions for pneumonic plague patients, until48 hours 
after initiation of effective therapy. 

Additional Information 

Pathogen. Three species of Brucella are most commonly involved 
in human infections: Btuce//a melitfmsjs, Blucella abortus, and 
Btucella sui8. BruceiJa spp. are Gram-negative coccobacilli. 

Reeervolra amd Mode of Tran8mleelon. Brucellosis is a zoonotic 
disease typically transmitted by consumption of contaminated 
food (typically unpasteurtzed goat milk cheese) or by direct 
contact wtth Infected animals (goats, cattle, or sheep). 

Laboratory Dlagnoele. Brucella are most often recovered In blood 
or bone marrow cultures. Because Btuce/la spp. are conslden!d 
potential agents of blaterrorlsm, full Identification should be 
performed at public health laboratories using molecular-based 
methods. Serologic mechods can also aid In the diagnosis. 

Pathogen. The etiologic agent of Lyme disease is Botrelia 
butgdorferi, a loosely coiled Gram-neglll:ive spirochete (refer 
back to Fig. 4-30). 

R•ervoirs end Mode of 'lnnsmission. licks, rodents (es
pecially deer mice), and mammals (especially deer) serve 
as reservoirs. Transmission occurs via tick bite. Person-to
person transmission does not occur. 

Laboratory Diagnoais. Lyme disease is usually diagnosed by 
observlll:ion of the characteristic ta~get-like skin lesion, plus 
immunodiagncstic and molecular diagnostic procedures. 
B. butgdorferi can be grown in the laborlll:ory on a special 
medium (Barbour-Stoanner-Kalley (BSK] medium at 33°C) 
although yield fmm plll:ient specimens is not high. 

Pathogen. The etiologic agent of plague Is Yersfnfa pestls, a 
nonmotile, bipolar-staining, Gram-negative coccobacillus, 
sometimes referred to as the plague bacillus. 

Reeervoll'8 and Mode o1' "D'ansmlsalon. Reservoirs Include 
wild rodents (especially ground squirrels In the United 
States) and their fteas, and, rarely, rabbits, wild carnivores, 
and domestic cats. Transmission is usually via flea bite 
(from rodent to Ilea to human). Transmission may also occur 
as a result of handling tissues of infected rodents, rabbits, 
and other animals, as well as droplet transmission fmm per
son to person On pneumonic plague). 

Laboratoty Diagnosis. Plague is diagnosed by observation of 
the typical appearance of Y. pestis (bipolar:-staining bacilli that 
resemble safety pins) in Gram-stained or Wright-Giamsa
stained sputum, cerebrospinal fluid, or material aspirated from 
a bubo (Fig.19-10). Diagnosis can also be made by culture, 
but because Y. pestis is considered a potential agent of bio
terrorism, full identification should be performed by public 
health laboratoriBS using molecular-based methods. 



Dieeaee 

Thlaremla. Tularemia, also known as rabbit fever, Is an acute 
zoonosis with a variety of clinical manifestations, depending 
on the portal of entry of the pathogen Into the body. Tula
remia most often presents as a skin ulcer (Fig. 19-11) and 
regional lymphadenitis. Ingestion of the pathogen results in 
pharyngitis, abdominal pain, diarrhea, and vomiting. Inhala
tion of the pathogen results in pneumonia and septicemia, 
with a 30%-60% fatality rate. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 
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Aclditionallnfonnation 

Pathogen. The etiologic agent of tularemia Is Franc/sella tula
rensfs, a small, pleomorphic Gram-negative coccobacillus. 
Some strains are more virulent than others. 

Reaervolra and Mode of lhl.namlsalon. Reservoirs include 
wild animals (especially rabbits, muskrats, and beavers), 
some domestic animals, and hard ticks. Transmission oo
curs via tick bite; ingestion of contaminated meat or drink
ing water. entry of organisms into a wound while skinning 
Infected animals. Inhalation of dust, or animal bites. Per
son-to-person transmission does not occur. 

Laboratory Dlagnoele. Diagnosis of tularemia Is by culture, 
but because F. tularensis is considered a potential agent of 
bioterrorism, full identification should be performed by pub- ~ 
lie health laboratories using molecular-based methods. , _____________________________________________________________________________________ ,/ 

Figure 18·8. Bull'8 eye raah ot Lyme disease, technically 
known ae erythema mlgrane. Recognition of this character
istic rash is a key component in the early diagnosis of Lyme 
disease. (Provided by James Gathany and the CDC.) 

Flgu,. 18·10. YetSinla peds, the etiologic agent or 
plague, In a wrtght-etalned blood smear. Note the safety pin 
appearance of the bacterial cells that results from bipolar stain
ing (arrows). (Provided by the CDC.) 

Figura 18·11. Lesion of tularemia caused by Fl'llncisella 
tulat811sis. (Provided by Dr. Brachman and the CDC.} 
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BacterlallnfecUons of the Central Nervous System 

Dieeaee Additionallnformation 

Botulism. See Appendix 1 on tl r PoiPt : •Microbial 
Intoxications". 

Usteriosis. Generally, listeriosis is only a mild febrile illness 
in healthy, immunocompetent individuals. However, the 
disease can be manifested as meningoencephalitis and/ 
or septicemia in newboms and elder1y and/or immuno
suppressed adults, with fever, Intense headache, nausea, 
vomiting, delirium, coma, occasionally collapse, shock, and 
death. Listeriosis causes fever and spontaneous abortion In 
pregnant women. 

Patient Cara. Use Stand&Jd Precautions for hospitalized 
patients. 

Tetanus (LockJaw}. Tetanus is an acute neuromuscular dis
ease induced by a bacterial exotoxin called tetanospasmin, 
with painful muscular contractions, primarily of the masseter 
{the muscle that closes the jaw) and neck muscles, spasms, 
and rigid paralysis (refer back to Fig. 14-9). Respiratory 
failure and death may result. 

Pdent care. Use Standard Precautions for hospitalized 
patients. 

DISEASES CAUSED BY ANAEROBIC 
BACTERIA 

Some of the human diseases caused by anaerobic bacteria 
(usually referred to as"anaerobes.,)ueshown in Figure 19-12 
and Table 19-13. Many infections that involve anaerobes 
are synergistic or polymicrobial infections. 

DISEASES ASSOCIATED WITH BIOFILMS 

Recall from Chapter 10 that biofilms are complex and 
persistent communities of assorted microbes. Biofilms 
emt in many environments, including certain anatomic 
sites within the human body. The following are some of 
the human diseases that are known to or thought to be 
associated with biofilm.s: 

Pathogen. Usteriosia is caused by UBleria monocytogenea, a 
Gram-positive coccobacillus. 

A ... rvoirs and Mode of Transmission. Reservoirs include 
soil, water, mud, silage, infected mammals, humans, 
and soft cheeses. (Listeria multiplies In contaminated 
refrigerated foods.) Transmission occurs via Ingestion 
of raw or contaminated milk, soft cheeses, or vegetables. 
Usteriosis can also be transmitted from mother to 
fetus in utero or during puaage through an infacted 
birth canal. 

Lebondory Diagnosis. Usteriosis is diagn068d by isolation 
and identification of the pathogen from cerebrospinal fluid 
(CSF), blood, amniotic fluid, placenta, and other specimens. 
Gram-positive coccobacilli can be observed In Gram
stained smears of neonatal CSF. A molecular diagnostic 
procedure can ldenUfy the organism from positive blood 
cultures. 

Pathogen. Tetanus is caused by Clostridium tetani, a motile, 
Gram-positive, anaerobic, spore-fanning bacillus (refer 
back to Fig. 4-27) that produces a potent neurotoxin called 
tetanospasmin. 

A ... rvoirs and Mode of Transmission. Reservoirs include 
soli contaminated with human, horse, or other animal feces. 
(C. tetanlls a member of the Indigenous Intestinal microbes 
of humans and animals.) Spores of C. tetanl are Introduced 
Into a puncture wound, burn, or needlestlck by contamina
tion with soil, dust, or feces. Under anaerobic conditions in 
the wound, spores genninate into vegetative C. tetani cells, 
which produce the exotoxin in vivo. Person-to-person trans
mission does not occur. 

Laboratory Diagnosis. Diagnosis of tetanus Is usually made 
on clinical and epidemiologic grounds. Attempts to Isolate 
c. tetanf from wounds or demonstrate antibody production 
are rarely successful. 

Bacterial endocarditis 
Central venous catheter infection 
Chronic wounds 
Cystic fibrosis lung infections 
Gingivitis 
Infection of prosthetic joints, heart valves, and intrauterine 

devices 
Infectious lcidney stones 
Middle ear infections 
Necrotizing fasciitis 
Osteomyelitis 
Periodontitis 
Prostatitis 
Sinusitis 
Tooth decay 
Urinary catheters 
UI1s 
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Table 19-14 provides a recap of some major bacterial 
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RECAP OF MAJOR BACTERIAL PATHOGENS 
OF HUMANS 

Table 19-15 and Figure 19-13 provide a recap of some 
major bacterial pathogens of humans. 

APPROPRIATE THERAPY FOR BACTERIAL 
INFECTIONS 

Recommendations for the treatment of infectious diseases 
change frequenrl.y. The bacterial infections described in this 
chapter must be treated using appropriate antibacterial drugs. 
For certain bacterial diseases, antisera (e.g., for botulism and 
tetanus) are available for treatment. Additional information 
about antibacterial agents can be found in Chapter 9 and 
at en.wikipedia.orglwikil Antibiotics. 

Flture 18·12. Human dllealee 1hat commonly Involve 
anaerobes. 

Disease 

Acne 
Actinomycosis 
Acute necrotizing ulcerative gingivitis (also 

known as Vincent angina and trench 
mouth) 

Antibiotic-associated diarrhea and pseudo
membranous colitis 

Botulism 
Brain abscess 

Gas gangrene (myonecrosis) 
Gynecologic and obstetric Infectious 

processes 
Intra-abdominal Infectious processes 

Liver abscess 

OraVdental infectious processes 
(periodontitis) 

Anaerobe(s) That Cause(s) the Disease 

Propionibacterium acnes 
Various Actinomyces spp. and Propionibacterium propionicus 
Fusobacterium necrophorum and anaerobic spirochetes 

Clostridium dffficile 

Clost!fdlum botulinum 
Most often caused by Bacteroides, Prevotella, Porphyromonas, Fusobacterfum 

spp., and anaerobic Gram-negative cocci; often polymicrobial 
Clostridium perfringens (usually), Closttidium novyi, Clostridium septicum 
Many different types of anaerobes, Including Bacteroides, Prevotel/a spp., 

clostJ1dla, and anaerobic Gram-positive cocci 
Many different types of anaerobes, Including Bacteroides and Fusobacterium 

spp., c. perfrlngens, other clostJ1dla, and anaerobic Gram-positive cocci; 
usually polymicrobial 

Many dlffenilnt types of anaerobes, Including Bacteroldels, Fusobacterium, 
Clostridium, and Actinomyces spp. 

Many diffenilnt types of anaerobes, including Potphyromonas, Ptevotella, 
Wolinelfs, and Fusobacterium spp., and anaerobic Gram-positive cocci 

(contJnued) 
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Some Human Diseases Caused by Anaerobic Bacteria (continued) 

Dieeaae Anaerobe(e) That Ceuee(e) the Dieeaee 

Perineal and perirectal Infectious processes 

Peritonitis 

Pleuropulmonary infectious processes 

Sinusitis 

Many different types of anaerobes, Including Bacteroides, Fusobacterium, 
Clostridium, Eubacterium, and Actinomyces spp., and anaerobic Gram
positive cocci 

Many different types of anaerobes, Including Bacteroides and Closttldlum spp., 
F. necrophorom, and anaerobic Gram-positive cocci 

Many different types of anaerobes, including Bacteroides, Porphyromonas, 
P18vot.ells, Actinomyces, and Eubacterium spp., Fusobacterium nucleatum, 
and anaerobic Gram-positive cocci 

Bacteroides, Prevotella, Porphyromonas, and Fusobacterium spp., and anaerobic 
Gram-positive cocci; often polymicrobial J 

Tetanus Clostridium tetani 

' ·-------------------------------------------------------------------------------------

Recap of Some Major Bacterial Infections of Humans 

Disease 

Anthrax 
Brucellosis 
Cholera 
Diphtheria 
Gas gangrene 

Gonorrhea 
Lsgionellosis (Legionnaire disease) 
Lsprosy (Hansen disease) 
Listeriosis 
Lyme disease 
Plague 
Spotted fever rickettsiosis (formerly called 

Rocky Mountain spotted fever) 
Salmonellosis 
Shigellosis 

Strep throat 
Syphilis 
Tetanus 
Trachoma 

Ba~aiPathogen 

Bacillus anthracis (a spore-forming, Gram-positive bacillus) 
Brucella abortus, B. melitensis, B. suis (Gram-negative coccobacillij 
Vibrio cholel&e (comma-shaped Gram-negative bacilli) 
Coynebactsrium diphtheriae (a Gram-positive bacillus) 
Clostridium perfrlngens and some other Clostridium spp. (anaerobic, spore-

forming, Gram-positive bacilli) 
Neisseria gonorrhoeae (a Gram-negative diplococcus) 
Legionella pneumophila and some ather Legional/a spp. (Gram-negative bacillij 
Mycobacterium lepraa (an acid-fast bacillus) 
Listeria monocytogenes (a Gram-positive bacillus) 
Bone/fa burgdorferl (a Gram-negative spirochete) 
Yel$/nla pestis (a Gram-negative bacillus) 
Rickettsia rickettsii (a Gram-negative bacillus; an obligate intracellular pathogen) 

Salmonella enteritidis and Salmonella typhimurium (Gram-negative bacilli) 
Shigella dysenteriae, Shigella ffexneti, Shigella boydii, and Shigella sonnei 

(Gram-negative bacilli) 
Streptococcus pyogenes (a Gram-positive coccus) 
Treponema pall/dum (a tightly coiled spirochete) 
Clostnclium tetani (an anaerobic, spore-forming, Gram-positive bacillus) 
Certain serotypes of Chlamydia trachomatls (a Gram-negative bacillus; an obli-

gate intracellular pathogen) 
Tuberculosis Most cases are caused by Mycobacterium tuberculosis (an acid-fast bacillus) 
Tularemia Francise//a tula.rensis (a Gram-negative bacillus) 
Typhoid fever Salmonella typhi (a Gram-negative bacillus) 
Whooping cough (pertussis) Bordetella perlllssis (a Gram-negative coccobacillus) 
Wound botulism Clostrldlum botulinum (an anaerobic, spore-forming, Gram-poeHive bacillus) 

'---------------------------------------------------------------------------------~~ 
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1 Recap of Some Major Bacterial Pathogens of Humans 

Gram-Positive Coed 
Enterococcus (en-ter-oh-kok' -us) 

species 

Staphylococcus aureus 
{staf'·ih-low-k.ok'-us aw'-ree-us) 

Streptococcus aga/actiae 
{strep-toh-kok' -us 
ay-guh-lak' -tee oft) 

Streptococcus pneumontae 
{strep-toh-kok' -us 
new-moh' ·nee-ee) 

Streptococcus pyogenes (strep
toh-k.ok' -us py-oj' -uh-nees) 

Gram-positive cocc::l; common members of the Indigenous mlcroblota of the gastrointes
tinal tract; opportunistic pathogens; a fairly common cause of cystitis and health care
associated infections; some strains, called vancomycin-resistant enterococci (VRE), are 
multidrug resistant. 

A catalase-positive (meaning that it produces the enzyme catalase), Gram-positive coccus, 
usually arranged in clusten. (refer back to Fig. 4·19A). In the laboratory, S. autVUs can be 
differentiated from other Staphylococcus species of human origin by using the coagulase 
test; S. aureus Is coagulase-positive (meaning that It produces the enzyme coagulase), 
whereas other Staphylococcus spp. are coagulase-negative. S. aureus Is a facultative 
anaerobe and opportunistic pathogen that Ia often found In low numbers as Indigenous 
mict'Obiota of the skin. Approximately 20%-30% of the general population are •staph car
riers," their nasal passages being colonized with S. aui'9Us. Infections caused by S. au· 
f8f.IS are often referred to as "staph infections• (see Fig. 19-1).1t is a major cause of skin, 
soft tissue, respiratory, bone, joint, endovascular, and wound infections. Most pimples, 
boils, carbuncles, and styes involveS. aureus. It is a less common cause of pneumonia 
and UTis. S. aui8US is one of the four most common causes of health care-associated 
Infections, often causing surgical site lnfedlons. Strains of S. aureus produce a variety of 
exotoxfns, Including cytotoxfns, exfoliative toxin, and leukocidin. Some strains produce 
TSS-1 toxin, the cause of TSS. Some strains (those that produce an enterotoxin) are the 
cause of staphylococcal food poisoning, one of the most common types of food poison
ing. Strains of S. aureus produce a variety of exoenzymes, including protease, lipase, and 
hyaluronidase that destroy tissues; coagulase that causes clot formation; and staphy· 
lokinase that dissolves clots. Especially troublesome strains of S. aunHJs are methicillin· 
resistantS. aureus (MRSA) strains (which are resistant to most of the drugs used to 
treat staph Infections) and vancomycln-lntennedlate S. aureus (VISA) strains (Which are 
resistant to the dosages of vancomycin usually used to treat staph Infections). 

Also known as Group B streptococcus; a P-hemolytic, Gram-positive coccus; often colo
nizes the vagina; a frequent cause of neonatal meningitis. 

Also known as pneumococcus (pl., pneumococc::Q. It is an encapsulated, a-hemolytic, 
catalase-negative, Gram-positive coccus, usually arranged in pairs (diplococcQ (refer 
to Figs. 4-25 and 19-4). In the laboratory, S. pneumoniae can be differentiated from 
other a-hemolytic Streptococcus species of human origin by using the P-dlsc (Optochln 
sensitivity) test; S. pneumonlae Is Optochln-sensltlve (killed by Optochln), whereas 
other a-hemolytic streptococci are Optochln-reelstant. S. pneumonlae Ia a facultative 
anaerobe and opportunistic pathogen, found in low numbers as indigenous microbiobt 
of the upper respiratory tract. It is the most common cause of bacterial pneumonia 
in the world; the pneumonia it causes is often referred to as pneumococcal pneumo
nia. S. pneumoniae is also a common cause of meningitis (especially in the elderly) 
and sinusitis, and causes about one-thirtl of U.S. cases of otitis media. Many strains 
of S. pneumonia& are penicillin resistant, and some strains are multidrug resistant. 
A vaccine Is available to prevent pneumococcal Infections In the elderly. 

Also known as Group A strap, GAS, and Strap A. It is a P·hemolytic, catalase-negative, 
Gram-positive coccus, usually arranged in chains (refer back to Fig. 4·24). In the 
laboratory, S. pyogenes can be differentiated from other fl·hernolytic Streptococcus 
species of human origin using the A-disc (bacitracin sensitivity) test; S. pyogenes is 
bacitracin-sensitive (killed by bacitracin), whereas the other !}-hemolytic streptococci 
are bacitracin resistant. It Is a facultative anaerobe and opportunistic pathogen that Is 
Infrequently found In low numbers as Indigenous mlcroblota of the upper nilaplratory 
tract. S. pyogenes is the cause of stnilptococcal pharyngitis (strap throat) and a frequent 
cause of skin infections (e.g., impetigo and erysipelas} and wound infections. Untreated 
strap throat or other S. pyogenes infections can lead to a variety of sequelae (complica· 
tions), including scarlet fever, TSS, rheumatic fever (sometimes referred to as rheumatic 
heart disease because it includes myocartlitis and endocarditis). rheumatoid arthritis, 
and glomerulonephritis. Scarlet fever is caused by strains that produce erythrogenic 
toxin. Some strains of S. pyogenes produce a toxin that causes TSS, although most 
cases of TSS are caused by S. aureus. Some strains of S. pyogenes (referred to as the 
''flesh-eating bacteria") produce necrotizing enzymes that cause rapid and extensive 
destruction of tissue (a condition known as necrotizing fasciitis). Necrotizing fasciitis has 
a mortality rate of approximately 20%-30%. 

(continued) 
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-----------------------------------------------------------------------------------

Recap of Some Major Bacterial Pa1hogens of Humans (continued) 

Gram-Negativa Cocci 
Neisseria gonon1loeee 

(ny-see' -re.uh gon-or-ree' ~e) 

Neisseria menlnglttdls 
(ny-see' • ..,.uh 
men-in-jih' -tid-is) 

Gram-Positive Bacilli 
Bacillus anthrac/s 

(buh-sll'-us an'-thray-sls) 

Cotynebactenum dlphtherlae 
{kuh' -ry-nae-bak-teer' -ee-um 
dif-thee'-ree-ee) 

Lactobacillus (lak-toh-buh-sil' -us) 
species 

Usteria monocytogene.s 
Ois-teer' -ee-uh 
mon-oh-sigh-toj' -uh-nees) 

Gram-Negative Bacilli 
Acinetobacler baumannii 

(as-i-ne'-toe-bak' -ter 
bow-man'·e~e) 

Botdetella pettussis 
(bor-duh-tel'-uh per-tus'-sis) 

campylobacter jejuni 
(kam' -pih-low-bak'-ter 
)uh-Ju' -nee) 

Escherichia coli 
(esh-er-ick'-ee-uh koh'-ly) 

Francisella tula!8nsis 
(fran'-suh-sel-luh 
tool-uh-ren' -sis) 

Haemophilus influenzae 
(he-mof' -uh-lus In-flu-en' -zee) 

Helicobacter pylori 
(hee'-luh-ko-bak-ter py-lor'-ee) 

Klebaiella pneumonise 
(kleb-see-el'-uh 
new-moh'-nee-ee) 

Legionelle pneumophila 
Oee-juh-nel' -luh 
new-mah' -fill-uh) 

Pasteurella muffocida 
(pas-tur-el' -uh mul-to-ci' -da) 

Proteus (pro' -te.us) species 

Also known as gonococcus or GC; a fastidious, Gram-negative diplococcus; microae~ 
phlllc and capnophlllc; always a pathogen; causes gononhee; many 91ralns are penicillin 
resistant. 

Also known as meningococcus; an aerobic, Gram-negative diplococcus; found as Indige
nous mlcroblota of the upper respiratory tract of some people (referred to as camera); a 
common cause of bacterial meningitis; also cauaes respiratory infections. 

An aerobic, spore-forming, Gram-positive bacillus; the causative agem of anthrax In hu
mans, cattle, swine, sheep, rabbits, guinea pigs, and mice; causes a cutaneous, respi
ratory, or gastrointestinal disease, depending on the portal of entry. 

A pleomorphic, Gram-positive bacillus; toxigenic (toxin-producing) strains cause diphthe
ria, whereas nontoxigenic strains do not. 

Gram-positive bacilli; some species are found in foods (e.g., yogurt and cheese); other 
species are common members of the indigenous microbiota of the vagina and gastroin
testinal tract; rarely pathogenic. 

A Gram-positive bacillus; the causative agent of listeriosis; can cause meningitis, enct~Pha
litis, septicemia, endocarditis, abortion, and abscesses; enters the body via ingestion of 
contaminated foods (e.g., cheese}. 

A strictly aerobic, Gram-negative, coccobacillus; a common cause of hospital-acquired 
infections; often multidrug resistant. 

A fastidious, Gram-negative coccobacillus; the causative agent of whooping cough, which 
is also called pertussis. 

A curved, Gram-negative bacillus, having a characteristic corkscrew-like motility; often 
seen in pairs (described as a gull-wing morphology because a pair of curved bacilli 
resembles a bird); microaerophilic and capnophlllc; a common cause of gastroenterttls 
with malaise, myalgia, arthralgia, headache, and cramping abdominal pain. Gulllal~ 
Barr6 syndrome, a self-limiting demyelenatlng syndrome, Is an occasional postlnfectlon 
aequellae of Campylobacter infection. 

A member of the family Enterobacteriaceae; a Gram-negative bacillus; a facultative anaer
obe; a lactose fennenter (thus, it produces pink colonies on MacConkey agar); a very 
common member of the indigenous microbiota of the colon; an opportunistic pathogen; 
the most common cause of septicemia and urinary tract and health cara-associated in
fections; some serotypes (called the enterovirulent E. co/1) are always pathogens. 

A Gram-negative becillus; the causative agent of tularemia; may enter the body by inhala
tion, ingestion, tick bite, or penetration of broken or unbroken skin: tularemia frequently 
follows contact with infected animals (e.g., rabbits). 

A fastidious, Gram-negative bacillus; a facultative anaerobe; encapsulated; found in low 
numbers as Indigenous mlcroblota of the upper respiratory tract; an opportunistic 
pathogen; a cause of bacterial meningitis, ear Infections, and respiratory Infections, but 
Ia not the cause of Influenza (which Ia caused by Influenza viruses); some strains are 
ampicillin resistant. 

A curved, Gram-negative bacillus; capable of colonizing the stomach; a common cause of 
stomach and duodenal ulcers. 

A member of the family Enterobacteriaceae; a Gram-negative bacillus; a facultative anaer
obe; a common member of the indigenous microbiota of the colon; an opportunistic 
pathogen; a fairly common cause of pneumonia and cystitis. 

An aerobic, Gram-negative bacillus; common in soil and water; the causative agent of I• 
gionellosis (a type of pneumonia): can contaminate water tanks and pipes: has caused 
epidemics in hotels, hospitals, and cruise ships. 

A facultative anaerobe that can be found as nonnal oral microbiota in dogs and cats. It is 
the most common organism recovered from dog and cat bites. 

Members of the family Enterobacteriaceae; Gram-negative bacilli; facultative anaerobes; 
common members of the Indigenous mlcroblota of the colon; opportunistic pathogens: 
a falr1y common cause of cystitis. 
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Recap of Some Major Bacterial Pathogens of Humans (continued) 

PseudomonBB aen~glnoaa (su~oh
moh' -nas air-uj-in-oh' -suh) 

Selmonella (aal'-moh-nel'-uh) 
species 

Shigella (sh•gel'-uh) species 

Vlblto cholerae (VIb' -re•oh 
khol'-er-ee) 

Yetslnla pestis (yer-sln' -ee-uh 
pes'-tls) 

Acid-Fast Bacilli 
Mycobacterium /eprae (my' -koh

bak-teer'-ee-um lep'-ree) 

Mycobacterium tubelculosls 
(my' -koh-bak-teer" -ee-um 
tu-ber" -kyu-loh-sis) 

Nocardia (no-kar" ~ee-uh) species 

Anaerobes 
Bacteroides (bak-ter-oy' -dez) 

species 

Clostridium botulinum (klos-trid'
ee-um bot-yu-ly'-num) 

Clostridium difflcile (klos-trid'
ee-um dif'-fuh-seeQ 

ClostridiUm perfrlngens (klos-trld'
e•um purr-frln'-Jens) 

Ctostndlum tetanl (klos-trld' ~e-um 
tet' -an-eye) 

Fusobacterium (few' -zoh-bak-teer'
ee-um) species 

Peptostreptococcus (pep' -toh
st~toh-kok'-us) species 

Potphyromonas (porf' -uh-row
mow'-nus) species 

Prevotella (pree'-voh-tel' -luh) 
species 

\!VIonella (vy-low-nel'-uh) species 

An aerobic, Gram-negative bacillus; produoee a characteristic blue1Jreen pigment (pyo
cyanin); has a characteristic fruity odor; causes burn wound, ear, urinary tract, and re
spiratory infections; one of the major causes of health care-easociated infections; moat 
strains are multidrug resistant and resistant to some disinfectant&. 

Members of the family Enterobacteriaceae; Gram-negative bacilli; facultative anaerobes; a 
fairly common cause of food poisoning, especially cases caused by contaminated poul
try; Salmonella typhi is the causative agent of typhoid fever. 

Members of the family Enterobacteriaceae; Gram-negative bacilli; facultetive 
anaerobes; a major cause of gastroenteritis and child mortality in the developing 
nations of the world. 

An aerobic, curved (comma-shaped), Gram-negative bacillus; halophilic: lives In salt water: 
the causative agent of cholera. 

A Gram-negative bacillus; the causative agent of plague In humans, rodents, and other 
mammals; transmitted from rat to rat and rat to human by the rat flea. 

An aerobic, acid-fast, Gram-variable bacillus; referred to as the leprosy bacillus or Hansen 
bacillus; the causative agent of leprosy (Hansen disease); transmitted from person to 
person; has been found In wild annadlllos, which are now used as laboratory animals to 
propagate this organism. 

An acid-fast, Gram-variable bacillus; causes tuberculosis; many strains are multlclrug 
resistant. 

Aerobic, acid-fast, Gram-positive bacilli; the causative agents of nocardiosis (a respiratory 
disease) and mycetoma (a tumor-like disease, most often involving the feet). 

Anaerobic, Gram-negative bacilli; common members of the Indigenous mlcroblota of the 
oral cavity, gastrointestinal tract, and vagina; opportunistic pathogens that cause var
ious infections, including appendicitis, peritonitis, abscesses, and postaurgical wound 
infections. 

An anaerobic, spore-forming, Gram-positive bacillus; common in soil; produces a neuro
toxin called botulinum toxin, which causes botulism, a very serious and sometimes fatal 
type of food poisoning. 

An anaerobic, spore-forming, Gram-positive bacillus; it can colonize the intestinal tract, 
where overgrowth (superinfection) commonly occurs after ingestion of oral antibiotics; 
this organism produces two toxins-an enterotoxin that causes AAD and a cytotoxin 
that causes pseudomembranous colitis (PMC); a common cause of health ~ 
assoclatecllnfectlons. 

An anaerobic, spore-forming, Gram-positive bacillus: common In feces and soli; the most 
common cause of gas gangrene (myonecrosls): produces an enterotoxin that produces 
a relatively mild type of food poisoning. 

An anaerobic, spore-forming, Gram-positive bacillus: common In soli; produces a neuro
toxin called tetanospasmin, which causee tetanus. 

Anaerobic, Gram-negative bacilli; common members of the indigenous microbiota of the 
oral cavity, gastrointestinal tract, and vagina; opportunistic pathogens that cause vari
ous infections, including oral and respiratory infections. 

Anaerobic, Gram-positive cocci; common members of the indigenous microbiota of the 
gastrointestinal tract, vegina, and oral cavity; opportunistic pathogens that cause vari
ous infections, including abscesses, oral infections, and appendicitis. 

Anaerobic, Gram-negative bacilli; common members of the indigenous microbiota of the 
oral cavity and gastrointestinal tract; opportunistic pathogens that cause various infec
tions, Including abscesses, oral Infections, and bite wound Infections. 

Anaerobic, Gram-negative bacilli; common members of the indigenous microbiota of the 
vagina and gastrointestinal tract; opportunistic pathogens that cause various Infections, 
Including abscesses. 

Very small, anaerobic, Gram-negative cocci; Indigenous mlcroblota of the oral cavity; 
sometimes encountered In heed, neck, dental, pulmonary, and bite wound 
infections. 

(continued) 
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Recap of Some Major Bacterial Pa1hogens of Humans (continued) 

Unique Bacteria 

Chlamydia. (kluh-mid' -ee-uh) 
species 

Mycoplasma pneumo
niae (my'-koh-plaz-muh 
new-moh' -nee-ee) 

Rickettsia (rih-ket'-see-uh) species 

Spirochetes 

Pleomorphic, Gram-negative bacteria that are obligate intracellular pathogens; unable to 
grow on artlftclal media; etiologic agents of nongonococcal urethritis (NGU), trachoma, 
Inclusion conjunctivitis, lymphogranuloma venereum, pneumonia, and psittacosis (orni
thosis); different serotypes of Chlamydls trachomatfs cause different diseases. 

A small, pleomorphic, Gram-negative bacterium; lacks a cell wall; the causative agent of 
atypical pneumonia. 

Gram-negative bacilli that are obligate intracellular pathogens; unable to grow on artificial me
dia; the causative agents of typhus and typhus-like diseases (e.g., spotted fever rickettsio
sis); all rickettsial diseases are transmitted by arthropods (ticks, fleas, mites, and lice}. 

Borrelia butgdofferi (boh-ree'- A Gram-negative, loosely coiled spirochete; the causative agent of Lyme disease; transmit-
lee-uh burg-door' -fur~) ted from infected deer and mice to humans by tick bite. 

Tntponema pallidum (trep-oh-nee'- A very thin, tightly coiled spirochete; the causative agent of syphilis. I 
muh pal'-luh-dum) 

~---------------------------------------------/ 
AAD, antlblotlo-Gs$oelated dlantlea; TSS-1, toxic shock syndrome 1; U'Tls, urfnary tract lnfec11ons. 

Figure 19·13. Recap of ma)or groups of medically Important bacterfa. Please note that this illustration is 
presented merely as a study aid. It is not a taxonomic or phylogenetic tree. (Redrawn from Engleberg NC, et al. 
Schaechtw's Mechanisms of Microbial Disease. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 



oN the Point 
• Terms Introduced in This Chapter 
• Review of Key Points 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 
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Self-Assessment 
Exercises 

After you have read this 
chapter, answer the 
following multiple~hoice 

1. The most common STD in the United States is 
caused by: 
a. Candida albicans 
b. C. ttachomatis 
c. N. gononhoeae 
d. Trichomonas vagina/is 

2. is the most common cause of 
pneumonia in the wor1d. 
a. C. pneumoniae 
b. L. pneumophila 
c. M. pneumoniae 
d. S. pneumoniae 

3. Gas gangrene is always caused by: 
a. Bacillus anthracis 
b. Clostridium spp. 
c. S. aureus 
d. S. pyogenes 

4. The bacterial species most frequently associated 
with necrotizing fasciitis is: 
a. Francise//a tularensis 
b. S. aureus 
c. S. pneumoniae 
d. S. pyogenes 
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5. Which of the following diseases may be caused by 
C. tlachomatis? 
a. inclusion conjunctivitis 
b. nongonococcal urethritis 
c. trachoma 
d. all of the above 

6. Which of the following organisms Is the most 
common cause of urethritis? 
a. C. alb/cans 
b. C. trachomatls 
c. N. gonotrhoeae 
d. T. vagina/is 

7. Which of the following organisms is the most 
common cause of cystitis? 
a. C. trachomatis 
b. E. coli 
c. N. gonorrhoeae 
d. T. vagina/is 

8. Which of the following Is the most common 
arthropod-borne disease In the United States? 
a. Lyme disease 
b. plague 
c. spotted fever rickettsiosis (former1y called 

Rocky Mountain spotted fever) 
d. tularemia 

9. Which of the following diseases is not caused by a 
spirochete? 
a. Lyme disease 
b. plague 
c. relapsing fever 
d. syphilis 

10. Which of the following associations is incorrect? 
a. Lyme disease and tick 
b. plague and rat flea 
c. spotted fever rickettsiosis and tick 
d. typhoid fever and mosquito 
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Case 1. A 19-year-old woman visits the clinic complaining of a frequent, urgent 
desire to urinate, a burning sensation during urination, and pain above her pubic 
bone. The physician suspects cystitis and arranges for the patient to collect a 
clean-catch, midstream urine specimen. The urine is cloudy and tinged with 

blood. In. the laboratory, a colony count confirms that the patient does 
have a UTI. The pathogen causing the infection is producing pink. col
onies on MacCo.nk:ey agar. 

A. Which one of the following pathogens do you suspect is 
causing this patient1 cystitis? 

1. c. tnlchO'IIUitis 
2. E. coli 
3. N. gonorrhoe11e 
4. Proteus mirabilis 
5. Staphylococcus saprophytkus 

Case 2. A 2-year-old girl is admitted to the hospital with massive 
tissue destruction along her right arm. The skin is a violet color, and 

large fluid-filled blisters are present. The patient has a fever, a rapid heart 
rate, and low blood pressure, and seems confused. Her mother informs the 

physician that the child had been recovering from chickenpox, and, for the past 
2 days, had ftequendy been scratching at chickenpox lesions on that area of her arm. 
Once the area appeared to have become infected, the infection spread very rapidly. A 
Gram-stain of exudate from the infected tissue reveals Gram-positive cocci in chains. 

A. The physician suspects that her infection is being caused by------
1. Ckmridium peifringens 
2. Ckmridium tetani 
3. S. aureus 
4. S. pnetmumiae 
5. S.pyogmu(GroupAsttep) 

Case 3. A 16-year-old girl is admitted to the hospital with severe abdominal cramps 
and bloody diarrhea. She has a fever of 1 02°F. She has been experiencing her symptoms 
for the past 3 days, since several hours after eating at a fast-food restaurant with a group 
of her friends. She recalls that the hamburger she ate was not very well cooked. (It is 
later learned that the meat being used in that restaurant to prepare hamburgers has 
been recalled because of bacterial contamination.) 

A. All of the following organisms can cause diarrhea, but which is the most likely 
cause of her illness? 
1. a species of Salmonella 
2. a species of Shigella 
3. E. coli 0157:H7 
4. S.aureus 
5. Vibrio chokrae 



Case 4 A 20-year-old man is :admitted to the hospitll with fever, headache, stiff 
neck, sore throat; and vomiting. The attending physician suspects that the patient has 
meningitis and immediately performs a lumbar puncture. A cerebrospinal fluid speci
men is rushed to the laboratory, where it is processed immediately. After centrifuging 
an aliquot of the specimen, the sediment is spread onto a microscope slide, fixed, and 
Gram stained. Microscopic examination of the Gram-stained specimen reveals numerous 
WBCs and numerous Gram-negative diplooocci. 

A. This information is telephoned to the attending physician, who will now treat 
the patient for a meningitis caused by-----~ 
1. H. mfluenzM 
2. N. mmingitidis 
3. Streptococcus .galtlet:iat (Group B strep) 
4.S.~t 
5. S. pyogmu (Group A strep) 

Case 5. An 80-year-old woman is transferred from a nursing home to the hospitll 
because she is suspected of having pneumonia. She is experiencing chest pain, chills, 
fever, and shortness of breath. She has a productive cough (mewing that she is ooughing 
up sputum). A Gram-st3in report of the sputum reveals numerous WBCs and numerous 
Gram-positive diplococci. 

A. On receipt of the Gram-stain report; the physician treats the patient for a 
pneumonia caused by ______ . 

1. H. mftw:nzM 
2. S.IIUmU 
3. S. "~'(Group B strep) 
4.S.~t 
5. S. pyogmes (Group A strep) 

(Answers to Case Studies are in Appendix B) 
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Fungal Infections 
of Humans 

CHAPTER OUTLINE 

lntnlduction 
How Do Fungi Cause Disease? 
Cllltlftcatlon at Fungal Diseases 

Superficial Mycoses 
Cutaneous, Hair, and Nail 

Mycoses (Dermatomycoses) 
Pathogens 
Reservoirs and Mode of 

Transmission 
Laboratory Diagnosis 

Subcutaneous Mycoses 
Laboratory Diagnosis 

Systemic Mycoses 
Pathogens 
Reservoirs and Mode of 

Transmission 
Laboratory Diagnosis 

LEARNING OBJECTIVES 

Fungallnfactionl of the 
Oral Region 

Thrush 
Disease 
Pathogens 
Reservoir and Mode of 

Transmission 
Laboratory Diagnosis 

Fungal Infections or the 
6enltaurl1111ry System 

Yeast Vaginitis 
Disease 
Pathogens 
Reservoir and Mode of 

Transmission 
Labomtory Diagnosis 

After studying this chapter, you should be able to: 

CHAPTER 

Various types of fungi growing on a 
solid culture medium. 

Fungallnfectionl of the cantra1 
lllrroaa s,stam 

Cryptocoocosis (Cryptococcal 
Meningitis) 
Disease 
Patient Care 
Pathogens 
ResetVoirs and Modes of 

Transmission 
Laboratory Diagnosis 

Mlcrosporldllllnfectlons 

Recap of Ma,lar Fungallnfacllonl 
ofHumana 

Appropriate 'Dierlpy far Famgal 
Infections 

• Define the tenns mycosis, dimorphic, cutaneous, 
subcutaneous, and systemic 

• Briefly explain how fungi cause disease 

• Categorize various fungal diseases by body system (e.g., 
skin, respiratory system, and central nervous system) 

• Correlate a particular fungal disease with Its major 
characteristics, etiologic agent, reservoir(&), mode(s) 
of transmission, and diagnostic laboratory procedures 

• Classify a given fungallnfecdon as being a 
superficial, cutaneous, subcutaneous, or systemic 
mycosis 

• State several diseases caused by dimorphic fungi 
and describe their yeast and mould fonns 
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INTRODUCTION 

It would be impossible in a book of this size to describe 
all of the human infectious diseases caused by fungi. Thus, 
r only selected fungal diseases 

l 
Fungal Infections J (mycoses) are described in this 
are also known as chapter. Readers should keep 
mycoses {sing., in mind that although a certain 
mycosis). fungal disease is described in one 

particular section of the chapter, 
many fungal diseases have various clinical manifestations, 
affecting more than one anatomic site. 

Human mycoses are caused by fungi within three fungal 
categories: yeasts, moulds, and dimorphic fungi. Recall that 
dimorphic fungi are fungi that may grow as yeasts or moulds, 
r depending on the temperature at 

l Mycoses are caused which they are growing. Some 
by certain yeasts, fungi can also cause microbial 
moulds, and dimor- intoxications, which are discussed 
phicfungi. 
-------" in Appendix 1 on t Pcmt. 

STUDY AID 
What to Learn? 

This chapter contains a large 
amount of infonnation. Of 
primary importance will be 
your ability to later recall the 
type and name of the fungus that causes a particular 
fungal disease and the manner in which the disease 
is transmitted. For example, if your teacher says 
"cryptococcosis, ft you should be able to state the 
type and name of the fungus that causes the disease 
(an encapsulated yeast named Cryptococcus neo
fonnans) and the manner in which cryptococcosis is 
transmitted On halation of yeasts). 

HOW DO FUNGI CAUSE DISEASE? 

Unlike bacteria, most fungi do not secrete toxins that cause 
damage to the host. Rather, the tissue damage associated with 
fungal infections results primarily from direct invasion of tissue, 
with subsequent displacement and destruction of vit:al struc
tures, coupled with toxic effects of the inflammatory response. 
Masses of fungal cells can cause obstruction ofbronchi in the 

Fungal pathogens 
causa disease by 
invasion and me
chanical destruction 
of tissues and/or 
obstruction of the 
flow of bodily fluids. 

_J 

lungs and tubules and ureters in 
the kidneys, leading to obstruction 
of the flow ofbodily fluids. Certain 
fungi, such as .Aspergillus andMJICW' 
spp., can grow in the walls of the 
arteries and veins, leading to occlu
sion and tissue necrosis resulting 
from a lack of oxygen. 

CLASSIFICATION OF FUNGAL DISEASES 

Fungal infections (mycoses) can be classified into the fol
lowing four categories: 

SUparlclal Mycoses Superficial mycoses 
Superficial mycoses are fungal are fungal Infections 
infections of the outermost areas of the outer sur-

faces of hair shafts 
of the human body, including the and the outermost, 
outer surfaces ofhairsbafu; and the nonliving layer of 
outermost, nonliving layer of the skin the skin (the epi-
(theepidermis). Superficial mycoses dermis) and are di-
include otomycosis,• black. piedra, agnosed by clinical 
white piedra, tinea (or pityriasis) appearance. , 
versicolor, and tinea nigra. All are \........:....: -' 
caused by moulds. Black piedra, caused by Piedmia bortae, is a 
fungal infection of scalp hair and, less commonly, eyebrows and 
eyelashes. White piedra, usually caused by Trichospqrrm spp., is 
a fungal infection of moustache, beard, pubic, and axilla hair. 
Tmea versicolor, caused by MAJa.rsezill finfor, is a ringworm 
infection that affects the skin of the chest or back and, less 
commonly, the arms, thighs, neclc, and face. Tmea nigra, caused 
by Hort4etl werntt:kii, is an infection of the palms of the hands 
and, less commonly, the neck and feet. Superficial mycoses 
are most often diagnosed on the basis of clinical appearance. 

CUtaneous, Hair, 
and Nail Mycoses 
(Dermatomycoses) 

Fungal Infections 
of the living layers 
of skin (the dermis), 
hairshatts,and 
nails are commonly 
called tinea or ring
worm infections. 
They are caused 
by moulds collec
tively referred to as 
dermatophytes. 

I 

Fungal infections of the living 
layers of skin (the dermis), hair 
shafts, and nails-commonly 
c:al.led tinea infections or ring
wonnin~o~ecausedby 
a group of moulds collectively 
referred to as dermatophytes. 

'- _ , 

STUDY AID 
Ringwonn 

The tenn ringworm Is used In 
reference to some of the superficial 
and cutaneous mycoses, which, more 
correctly, are known as tinea infec-
tions. Be aware that diseases referred to as ringworm 
have absolutely nothing to do with wonns. The tenn 
most likely arose long before fungi were known to 
be the cause of these lesions. Some cf the lesions 
are circular and raised, prompting speculation that a 
worm lay coiled beneath the skin surface. 

"Otomycosis is a funpl infection of the outer ear canal, most 
often caused by a mould. 



Figure 20-1. Various types of tinea infections. (A) Tinea 
pedis (athlete's foot), (B) tinea corporis (ringworm of the trunk 
showing here on the shouldef), (C) tinea capitis (ringworm of 
the head), (D) tinea cruris (ringworm of the groin area}, and 
(E) tinea ungulum (ringworm of the nalla}. (From Harvey AA, et al. 
lippincott's 1//ustiated RfWiews: Microbiology. 3rd ed. Philadel
phia, PA: Uppinoott Williams & Wilkins; 2013.) 
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Tmea infections are named in accordance with the part 
of the anatomy infected (Fig. 20-1). 

PalhagiHIS 
Dermatomycoses are caused by various :6Iamentous fungi 
(moulds), collectively referred to as dermatophytes. Ex
amples include species of Microsporum, EpUkrmophytqn, 
and Trichophyton. 

Reservoirs and Mode of Transmllllon 
Infected humans, animals, and soil serve as reservoirs. 
Transmission is by direct or indirect contact with lesions 
of humans or animals; or contact with contaminated floors, 
shower stalls, or locker room benches; barbers' clippers, 
combs, and hairbrushes; or clothing. 

Laboratory Diagnosis 
Microscopic examination of potassium hydroxide (KOH) 
preparations of skin scrapings or hair or nail clippings can 
reveal the presence of fungal hyphae. (fhe KOH preparation 
is described in Appendix 5 on L • Point.) Dermatophytes can 
be cultured on various media, including Sabouraud dextrose 
agar. Moulds are identified using a combination of macroscopic 
and microscopic observations (refer back to Chapter 13). 

Subcutaneous Mycoses 
Subcutaneous mycoses are fungal infections of the dermis 
and underlying tissues. They are more severe than super
ficial and cutaneous mycoses. The infection results from 
traumatic implantation of the mould through the dennis 
into the subcutaneous tissue. Examples of subcutaneous 
mycoses are sporotrichosis, phaeohyphomycosis (formerly 
called chromomycosis or chromoblastomycosis), and my
cetomas (Fig. 20-2). 

• Sporotrichosis is caused by SptmJthri:x: schenckii, a dimor
phic fungus, and typically affects the skin of an extremity. 
It is often associated with gardeners and is called "rose 
cutters disease., 

• Phaeohyphomycosis (phaeo is Latin for "dusky" or 
"darkj is caused by various species of moulds and is 
a chronic, spreading infection of the skin and subcu
taneous tissues, usually affecting a lower extremity 
(Fig. 20-3). The fungi most often associated with the 
infection (Exophiala, Cladt>phillkphOf'll, and Fonsectua) 
are moulds that have melanin in their cell walls, and 
consequendy, the colonies appear dark brown to black 
when recovered in culture. 

• Mycetomas, caused by various moulds, are chronic granu
lomatous infections that involve the feet (usually), hands, 
or other areas of the body. Some of these subcutaneous 
mycoses can be quite grotesque in appearance. 

Laboratory Diagnosis 
Subcutaneous fungal infections are often diagnosed 
through histologic examination of biopsy specimens. The 
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F"lfiUre 20-2. &mcutaneous mycoses. (A) The cutaneous
lymphatic form of sporotrichosis on a patient's arm, {B) chromo
mycosis on a patient's leg, and (C) mycetoma on a patient's ann. 
(From Harvey RA, et al. Upplncott'allfustrated Revtews: M/cloblol
ogy. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

Figure 20-3. Phaeohyphomycosls of the foot. (From Engle
berg NC, et al. Schaechter's Mechanisms of Microbial Disease. 
5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 

causative fungi can be recovered 
in culture and are identified by 
macroscopic and microscopic 
observations. 

Systemic Mycoses 
Systemic mycoses, also known 
as generalized or deep-seated 
mycoses, are the most serious 
types of fungal infections. They 
are fungal infections of internal 

( 

Subcutaneous 
mycoses, such 
as sporotrichosis, 
phaeohyphomyco
sis, and mycetomas, 
are fungal infections 
of the dennis and 
underlying tissues 
caused by traumatic 
implantation of 1he 
fungi into 1he 1issue. , 
~ ~ 

organs of the body, sometimes affecting two or more organ 
systems simultaneously. Most are the result of inhalation 
of spores or conidia with subsequent infection of the 
lungs and spread through the circulatory system to other 
organ systems, such as the skin, genitourinary tract, or 
central nervous system. In most cases, systemic mycoses 
occur in individuals who are immunocompromised and so 
are considered opportunistic infections. VIrtually, any 
mould can cause infection in severely immunocompro
mised patients. 

Pathogens 
Common pathogens of systemic mycoses include Asper
giUus spp., PeniciJ/ium spp •• Ptuumocystis, Scedosporium spp., 
and members of the Zygomycete family such as Rbizopus, 
MUI:Of', and Lkhtbeimi11. Dimorphic fungi, as mentioned, 
are yeasts at body temperature but live as moulds in the 
environment. The most common dimorphic fungal infec
tions in the United States are histoplasmosis (caused by 
Himlpltlmuz capsulatum) and coccidioidomycosis (caused 
by Cocddiokks immitis or Coccidioides posada.siJ). These 
infections are described in Table 20-1. Other dimorphic 
fungi include the fo11owing: 

• Blastomyces tkrm.atitidir-the cause of North American 
blastomycosis 

• Paracoccidioides brasiliensis-the cause of South American 
blastomycosis 

• Takmnnyces (Penicillium) 'INirnejfei-the cause of systemic 
infection predominantly in acquired immunodeficiency 
syndrome (AIDS) patients in Southeast Asia 

Reservoirs and Mode of 'n'ansmlsslon 
All these fungi are common environmental organisms that 
are normally acquired through inhalation of spores or 
conidia. The exception is 'Pnetmwcystis, which is currently 
thought to be passed person to person through aerosols. 

Laboratory Diagnosis 
Immunodiagnostic assays, molecular diagnostic procedures, 
and culture with macroscopic and microscopic observations 
are used for diagnosis. Because these are often systemic 
infections. diagnosis through histologic examination of 
tissue is often the first clue that a systemic fungal infection 
is present. Figure 20-5 shows comparisons of the yeast and 



Rture 20-4. lleeue Invasion by an Allpet'glllus epeclee, 
ahowlng many branching aeptate hyphae (arrows). (From 
Engleberg NC, et al. Schaec::htar'S Mechanisms of Mictobis/ Disease. 
5th ed. Philadelphia, PA: Uppincott Williams & Wilkins; 2013.) 

Disease 

Aapargilloaia. Aspergillosis is a wide-ranging disease with var
ious manifestations. In immunooompetent individuals, the 
infection is localized, but in immunocompromised patients, 
the disease can be systemic. Types of Aspergillosis include 
allergic bronchopulmonary aspergillosis, sinusitis, aspergil
loma (also called a fungus baJO, chronic pulmonary asper
gillosis Qnfectlon In the lungs lasting longer than 3 months), 
Invasive aspergillosis Fig. 20-4), which normally Infects 
the lungs but can spread to other parts of the body, and 
cutaneous aspergillosis, which is usually acquired through 
breaks in the skin. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Coccidioidornycoais (Valley Fever). Coccidioidomycosis 
starts as a respiratory Infection with fever, chills, cough, 
and, rarely, pain. The primary Infection may heal com
pletely or may progress to the disseminated form of 
the disease, which Is often fatal. Disseminated coccid
ioidomycosis may include lung lesions and abscessee 
throughout the body, especially in subcutaneous tisaues, 
skin, bone, and the central nervous system. Other 
tissues and organs, such as inguinal lymph nodes, 
kidneys, thyroid gland, heart, pituitary gland, esophagus, 
and pancreas, may also be Involved. 

Patient Care. Use Standard Precautions for hospitalized pa
tients with draining lesions or pneumonia. 
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mould forms of the dimorphic 
fungi. CoaidWidu produces a sac
like structure with endospores 
(not technically a yeast) at body 
temperature and arth.roconidia 
in the environment. 

(" 

Systemic 
mycoses-also 
known as general
ized or deep-seated 
mycoses-are the 
most serious types 
of tungallnfecdons. , 

~--------------~ 
FUNGAL INFECTIONS OF THE 
ORAL REGION 

1brush 

Disuse 
Thrush is a yeast infection of the oral cavity. It is com
mon in infunts, elderly patients, and immwtosuppressed 
individuals. White, creamy patches occur on the tongue, 

Addldonallntonnadon 

Pathogen. Aspergillus fumigstus is the most common patho
gen, but Aspergillus flavus, Aspergillus t.emJus, and Asper
gillus niger are also oommon. Over 40 species of Aspergillus 
have been associated with human infections. 

Reservoirs and Mode of Transmission. Aspergillus spp. can 
be found both Indoors and outdoors. Most people breathe 
In Aspergillus spores every day without getting sick. Infec
tion nonnany occurs In people with a weakened Immune 
system and is acquired through inhalation of spores. 

Laboratory Diagnoaia. An immunodiagnostic test that detects 
an Aspetgif/us antigen called the galactomannan test is often 
used for diagnosis. Culture with macroscopic and micro
scopic observations are used to identify the various species 
of Aspergillus. 

Pathogen. Coccidioidomycosis is caused by either Coccidioi
des lmmltls or Coccidioides posadas/1, a dimorphic fungus. 
They exist as a mould In soli and on culture media (25°C), 
where they produce arthrospo..a (arthroconldla). In tissues, 
they appear as spherical yeast cells called spherules that 
reproduce by endospore formation. Coccidioides arthro
sporae have potential use as a bioterroriat agent. 

Reservoirs and Mode of 'lhlnsmission. Arthrosporas are 
present in soil in arid and semiarid areas of the Western 
Hemisphere; In the United States, from california to south
ern Texas; and In Mexloo, Central America, and South 
America. Transmission occurs by Inhalation of arthrospores, 
especially during wind and dust storms. It Is not directly 
tranamisaible person to person or animal to peraon. 

Laboratory Diagnosis. Coccidioidomycosis is diagnosed 
by direct examination and culturing of sputum, pus, urine, 
cerebrospinal fluid, or biopsy materials. The mould form 
is highly infectious. All work must be performed in a bio
safety level (BSL,)-2 or BSL-3 facility (ref• to Appendix 4 
on Pont). Skin tests, molecular diagnostic procedures, 
and lmmunodlagnostlc procedures are also available. It Is 
difficult to differentiate between C. lmmlt/s and c. posadull 
with standard laboratory methods. 

(continued) 



394 Section VIII • Major Infectious Diseases of Humans 

Systemic Fungal Infections (continued) 

Dieeaae Additionallnformation 

Cryptococcoele. Cryptocoocosls starts as a lung Infection, 
but usually spreads via the bloodstream to the brain. 
The disease is d68Cribed later in this chapter, in section 
"Fungal Infections of the Central Nervous System." 

Hletaplallmoala. Histoplasmosis is a systemic mycosis of 
varying severity, ranging flom asymptomatic to acute to 
chronic. The primary lesion is usually in the lungs. The acute 
disease involves malaise, fever, chills, headache, myalgia, 
chest pains, and a nonproductive cough o.e., sputum is not 
produced). Histoplasmosis Is the most common systemic 
fungal Infection In AIDS patients. 

Patient ca .... Use Standard Precautions for hospitalized 
patients. 

Pneumocystis jiro'l'f!ICii Pneumonia (PJP; also called PCP or 
Interstitial Pluma-Cell Pneumonia). PJP is an acute-to
subacute pulmonary disease found in malnourished, chron
Ically 111 children; premature Infants; and Immunosuppressed 
patients, such as those with AIDS. Patients have fever, 
difficulty in breathing, rapid breathing, dry cough, cyanosis, 
and pulmonary infiltration of alveoli with frothy exudate. PJP 
is usually fatal in untreated immunosuppressed patients. It 
is a common contributory cause of death in AIDS patients. 
Pneumocystis causes an asymptomatic infection in immu
nocompetent people. 

Patient care. Use Standard Precautions for hospitalized pa
tients. Do not place PJP patients In the same room with an 
lmmunocompromlsed patient. 

Pulmonary Zygomycosls. The term zygomycosts (formerly 
called mucormycosis or phycomycoals) refers to a disease 
caused by one of the many fungi in the class Zygomycetes. 
These fungi are widely distributed in aoil and vegetative 
matter. Although being discussed in the section on lower,.. 
spiratory diseases, these fungi cause diseases with a wide 
range of clinical manifestations. Other clinical syndromes 
caused by members of the Zygomycetes class include 
sinusitis, cerebral Infection, cutaneous disease, gastroin
testinal disease, and disseminated disease, which Involve 
virtually every organ. 

Patient ca .... Use Standard Precautions. 

Pathogen. Histoplasmosis is cauaed by Histoplasma CllpSU
Iatum var. cepsu/atum, a dimorphic fungus that grows as 
a mould in soil and as a yeast in animal and human hosts 
(rater back to Fig. 5-18). 

A...-voirs and Mode of Transmi88ion. Reservoirs include 
warm, moist soli containing a high organic content and bird 
droppings, especially chicken droppings, but also bat drop
pings In caves and around starling, blackbird, and pigeon 
roosts. Transmission occurs via Inhalation of conidia (asexual 
spores) from soil. Bulldozing and excavation may produce 
aeroeols of spores. Histoplasmosis is the most common sys
temic fungal disease in the United States, occurring primarily 
in the Ohio, Mississippi, and Missouri River valleys. Histo
plasmosis Is not transmitted flom person to person. 

Laboratory Diagnosis. H. capsulatum yeasts may be ob
served In Glemsa- or wright-stained smears of ulcer ex
udates, bone marrow, sputum, and blood. H. capsulatum 
produces mould colonlee when Incubated at room tempera
tura and yeast colonies when incubated at body tempera
tura. Conversion from the mould form to the yeast form can 
sometimes be accomplished in the laboratory. Skin tests, 
immunodiagnostic, and molecular procedures are available. 

Pathogen. The etiologic agent of PJP is Pneumocystis jirovscii 
(formerly known as Pneumocystis calfnii, hence the tenn 
PCP). This organism has both protozoal and fungal proper
ties. It was classlfled as a protozoan for many years, but Is 
currently classlfled as a nonfilamentous fungus. 

Reeervolra and Mode of 'Danaml881on. Infected humans serve 
as reeervoirs. The mode of transmission is unknown-perhaps 
direct contact, perhaps transfer of pulmonBIY secr&tions from 
infected to susceptible persons, or perhaps airbome. 

Laboratory Diagnosis. Diagnosis of PJP is made by demon
stration of Pneumocystis in material from bronchial 
brushlngs, open lung biopsy, lung aspirates, or smears of 
tracheobronchial mucus by various staining methods. P. 
)lrovecff cannot be cultured. 

Pathogens. Many different fungi can cause zygomycosls, In
cluding some that are often raterred to as bread moulds. 
These fungi, which include species of Mucor, Rhizopus, and 
L.ichtheimia (fonnerly known as Absidia), are responsible for 
the white or gray fuzzy growth seen on foods, such as bread 
and cheese. The fuzziness is the result of aerial hyphae. 

A ... rvoirs and Modes of Transmi88ion. Most commonly, 
humans become infected with zygomycetes by inhaling 
airborne spores, although Ingestion and direct Inoculation 
through traumatic breaks In the skin and mucous mem
branes can also lead to Infection. Zygomycosla Ia not trans
mitted from person to person. 

Laboratory Diagnosis. Diagnosis of zygomycosis can be 
made by microscopic observation of distinctive, ribbon-like, 
broad, aseptate hyphae in tissue sections and by cultura of 
biopsy tissue (see Fig. 13-16). 

'-------------------------------------------------------------------------------------·/ 
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25"C mould phau on Sabouraud deXIroae agar 

Mlcroac:oplcally: 

Fine, branched, 
sepiBie hyphae; 
"ftowenrtle" 
conidiallonn 

Branched, sepiBte 
hyphae; 
microconidia; 
knobby 
macroconidia 
in3-4week8 

37"C yeut phaae on brain haut lntualon agar 

Mlcrasc:oplcally: 

Round, oval, or cigar 
shaped 

Small budding cells 

Branched, seplate 
hyphae; single 
small conidia 

Large, doubl&
oorrtoured cells 
bucking on a 
broad baas 

Seplate hyphae, 
chlamydooonidia, 
few microconidia 

Large, multiple budding 
cells; "ship's wheel" 

Seplate hyphae 
mstulae, phialides, 
chains of conidia 

Oval cella wilh 
central septum; 
no budding 

,....,., 
--·. u 

C:J.--' " 
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l] ~ 0 
G 
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Figura 20-&. CompariiiDI'I of yeast and mould farms of the dimorphic fmgi infecting humans. Yeast forms are observed in tis
sua or blood of infected patients, whereas the mould form is present in the environment. 

( c. albicans is the 
yeast and the fun
gus most commonly 
isolated from clinical 

1 mucous membranes, and the 
comers of the mouth (Fig. 20-6). 
Thrush can be a manifestation of 
disseminated CandiJtl infection 

specimens. (candidiasis). CM~llida lllbictms is 
______ _..) the yeast and the fungus most 

commonly isolated from clinical specimens--sometimes 
isolated as a pathogen and sometimes as a contaminant. 

Pathogens 
The yeast, C. lllbictms, and related species. 

Reservoir and Made af Transmission 
Infected humans serve as reservoirs. Transmission occurs 
by contact with secretions or excretions of the mouth, 
skin, vagina, or feces of patients or carriers; also by 
passage from mother to neonate during childbirth and 
by endogenous spread (i.e., from one area of the body 
to another). 

F1gura 20-8. Oral candidiasis flhruah). (From Harvey RA, 

et al. Uppincott's Illustrated Reviews: Microbiology. 3rd ad. 
Philadelphia, PA: Uppincott Williams & Wilkins; 2013.) 
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Laboratory Diagnosis 
Thrush can be diagnosed by observation of yeast cells 
,..---------. ..., (blastoconidia) and pseudohyphae 

Thrush is a yeast (strings of elongated buds) in 
infection (most often microscopic examination of wet 
a Candida infection) mounts~ and by culture connr-
of the oral cavity. 

-' mation (Fig. 20-7). 

FUNGAL INFECTIONS OF THE 
GENITOURINARY SYSTEM 

Yeast vaginitis 

01111818 
The three most common causes of wginitis in the United 
States, each causing about one-third of the cases, are C. 

C. sfbicans causes 
approximately 
one-third of the 
cases of vaginitis in 
the United States. 

__J 

albictms (a yeast), TrichO'IIUJ'NIS 
vaginalis (a protozoan), and a 
mixture of bacteria (including 
bacteria in the genera Mohiluncus 
and Gardnerella). A saline wet 
mount preparation is usually used 
to diagnose vaginitis; this test 

procedure is described in Appendix 5 on tl't-Pc4t't Typical 
symptoms of yeast vaginitis are vulvar pruritus (itching), a 
burning sensation, dysuria, and a white discharge. Vulvar 
erythema (redness) and rash sometimes occur. 

Palllogens 
The yeast, C. albiams, causes about 85% to 90% of yeast 
vaginitis; other Ctmdida spp. can also cause this disease. 

Blastoconldla 

True Hyphae 

Figure 20-7. Various forms of Candida yeasts that can be 
eeen In clinical specimens and cultures. 

Reservoir and Made ot Transmission 
See previous section on "Thrush." 

Laboratory Diagnosis 
Yeast vaginitis can be diagnosed by microscopic examina
tion of a saline wet mount of vaginal discharge material, in 
which a large amount of yeasts and pseudohypha.e may be 
observed. The vaginal discharge material should also be cul
tured. Candida spp. grow well on blood agar and Sabouraud 
dextrose agar. Ctmdida spp. can usually be identified using a 
commercial yeast identification mini-system or by growth 
on chromogenic agar (see Fig. 13-18). It is important to 
keep in mind that the vaginal microbiota of up to 2 5% of 
healthy women can contain Ctmditla spp. There is a molecular 
diagnostic assay that can be used to diagnose vaginitis and 
can detect the presence of Ctmdida spp., T. vaginlllis, and 
the mixed micro biota associated with bacterial vaginosis. 

FUNGAL INFECTIONS OF THE CENTRAL 
NERVOUS SYSTEM 

Cryptococcosis {Cryptococcal Meningitis) 

Disease 
Cryptococcosis starts as a lung infection, but spreads via the 
bloodstream to the brain. It usually presents as a subacute 
or chronic meningitis. Infection of the lungs, kidneys, 
prostate, skin, and bone may also occur. Cryptococcosis is 
a common infection in AIDS patients. 

Patient Clre 
Use Standard Precautions for hospitalized patients. 

Pathogens 
Cryptococcosis can be caused by two species of Cryptorot:Cf/S: 
C. neo.formtms and Cryptococc'lls gattii. Both are encapsulated 
yeasts (refer back to Fig. 5 -12). The capsule enables Crypto
coccus to adhere to mucosal surfaces and avoid phagocytosis 
,- --. by white blood cells (WBCs). 

I 
Cryptococcosis is c. neaformans and C. gat:tU differ 
caused by encapsu- • ---~ • hi 
1 

ted sts ed m pu:va1ence m geograp c areas 
~. ~:,Snn~=~nd of the ~orld. Both are found.~ 
c. gattll. the Umted States, but C. gatts lS 

-------·-' isolated most often from patients 
in the Pacific Northwest. Whereas C. neofornums most 
often causes central nervous system infection in immuno
compromised patients, C. gattii is more commonly seen in 
immunocompetent patients as tumor-like lesions of internal 
organs called cryptococcomas. 

Reservain and Modes Dl Transmission 
Reservoirs for C. neofonnmu include pigeon nests; pigeon, 
chicken, turkey, and bat droppings; and soil contaminated 
with bird droppings. Growth of C. neofomum.s is stimulated 
by the albline pH and high nitrogen content of bird 
droppings. C. gattii is associated with Eucalyptus trees in 



the Pacific Northwest. Transmission occurs by inhalation 
of yeasts. Cryptococcus is not transmitted from person to 
person or animal to person. 

Laboratory Diagnosis 
Cryptococcal meningitis is often diagnosed by observing 
encapsulated, budding yeasts in cerebrospinal fluid specimens 
examined by Gram stain or an India ink preparation. (Details 
of the India ink preparation can be found in Appendix S on 
t 'lf•Pcint: "Clinical Microbiology Laboratoty Procedures.") 
Yeasts may also be observed in sputum, urine, and pus exam
ined by an India ink preparation or Gram stain (refer back to 
Fig. 5-15). ~spp. can be cultured on routine media 
used in the Mycology Section. A sensitive cryptococcal antigen 
detection test is available, as is a molecular diagnostic assay. 

STUDY AID 
Beware of Similar 
Sounding Names 

Do not confuse 
C. neoformans (a yeast) with 
Cryptosporldlum parvum 
(a protozoan). Ukewlse, do not confuse cryptococco
sis (a yeast infection) with cryptosporidiosis (a proto
zoan infection). C. parvum and cryptosporidiosis are 
described in Chapter 21. 

MICROSPORIDIAL INFECTIONS 

As presented in Chapter 5, a group of organisms called the 
Microsporidia have been placed into Kingdom Fungi based 
on molecular taxonomy methods and the fact that they have 
chitin in their cell walls. However, they differ greatly from 
fungi in other characteristics and, for manyyeus, were con
sidered to be a fonn of protozoa. Microsporidia are small in 
size (1-4 pm; about the size of a bacteriwn). They possess a 
unique organelle called the polar filament (refer Fig. 5-18). 
This organelle is coiled around inside the microsporidial 
spore. When the organism infects another cell, it extrudes 
the polar filament, which penetrates the recipient cell. The 
spore then injects its genetic material (called sporoplasm) 
into the cell through the polar filament. Replication within 
the cell produces many spores that are then released to con
tinue the life cycle. Figure 20-8 shows the life cycle of two 
pathogenic Microsporidia. The spore is extremely resistant 
and can survive for long periods in the environment. Over 
160 microsporidial genera have been described with 1,300 
different species associated with infections in every major 
animal group. At least nine genera have been associated with 
human infections. Microsporidia are relatively rare causes of 
infections-mosdy observed in immunocompromised hosts. 
Although they have been found in many different sites of 
infection in humans, they mainly cause infection in the eye 
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Figure 20-8. Diagram of the life cycle of two Mk:i'otlptNidla 
spp. aaaoc:iated with h~m~an infections. (Provided by the CDC.) 

(keratitis) or the gastrointestinal tract (diarrhea). Diagnosis 
of microsporidial infections is typically made by microscopic 
emnination of patient material with specialized stains. 

RECAP OF MAJOR FUNGAL INFECTIONS 
OF HUMANS 

Table 20-2 provides a recap of some major fungal infections 
of humans. 

APPROPRIATE THERAPY FOR FUNGAL 
INFECTIONS 

Recommendations for the treatment of infectious diseases 
change frequendy. The fungal diseases described in this 
chapter must he treated using appropriate antifungal drugs. 
Additional information about antifungal agents can be found in 
Chapter 9 and at en. wikipedia.org/wikil Antifungal medication. 
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Dieeaee 

Aspefglllosls 
Black piedra 
Blastomycosis 
Coccidioidomycosis 
Cryptococcosls 
Dennatomycoses 

Histoplasmosis 
Mlcrosportdlosls 
Penicilliosis 
Phaeohyphomycosls 
Pneumoc;ystls pneumonia 

Sporotrichosis 
llneanlgra 
llnea versicolor (pltyrfasls versicolor) 
Thrush 
White piedra 
Yeast vaginitis 
Zygomycosis (mucormycosis, 
phycomycosls) 

Fungal Pathogen 

Various species of Aspergillus (moulds) 
Piedra/a hortae (a mould} 
Blastomyces dennatltfdls or Paracoccldloldes brasiliensis {dimorphic fungO 
Coccldloldes lmmltls or C. posadasll (dimorphic fungO 
Cryptococcus neoformans and C. gattfl {encapsulated yeasts) 
Various tllamentous fungi (moulds), collectively referred to as dennatophytes 
(Epidermophyton, Microsporum, or Trichophyton spp.) 
Histoplasma capsulatum (a dimorphic fungus) 
Encephalitozoon, Entetocytozoon, Nosema, Plelstophora, llltlafonna (mlcrosporldla) 
Various species of Penicillium (moulds) 
Cladophlalophora, Exophfala, Fonsecaea (moulds) 
Pneumocystls }lrovec/1 (fonnerty known as PneumocystJs cartnm (a nonfilamentous 
fungus having both protozoal and fungal properties) 
Sporothrlx schenckfl (a dimorphic fungus) 
Hortaea wemecldf (a mould) 
Malassezla furfur {a mould) 
candida alb/cans (a yeast) 
Usually caused by various Trichosporon spp. (a mould) 
C. alb/cans (a yeast) 
various zygomycetes, including bread moulds 

~------------------------------------------------------------------------------~ 

oN the Point 
• Tenns Introduced in This Chapter 
• Review of Key Points 
• Increase Your Knowledge 
• Additional Self-Assessment Exercises 

? SeH·Assessment 
Exercises 

After you have read 1his 
chapter, answer 1he following 
multiple-choice questions. 

1. Which of the following diseases is caused by an 
encapsulated yeast? 
a. coccidioidomycosis 
b. cryptococcosis 
c. histoplasmosis 
d. Pneumocystis pneumonia 

2.. Which of the following diseases is not caused by a 
dimorphic fungus? 
a. coccidioidomycosis 
b. cryptococcosis 
c. histoplasmosis 
d. sporotrichosis 

3. Which of the following diseases Is a synonym for 
rtngwonn Infection of the nalls? 
a. tinea barbae 
b. tinea cruris 
c. tinea nigra 
d. tinea ungulum 

4. Which of the following is the most common 
systemic fungal disease in the United States? 
a. cryptococcosis 
b. coccidioidomycosis 
c. histoplasmosis 
d. Pneumocystis pneumonia 

5. One should associate the India ink preparation with 
diagnosis of: 
a. cryptococcal meningitis 
b. thrush 
c. tinea pedis 
d. yeast vaginitis 

6. Bread moulds are most commonly associated with: 
a. thrush 
b. tinea versicolor 
c. vaginitis 
d. zygomycosis 

7. Which of the following is the fungus most often 
isolated from human clinical specimens? 
a. C. albicans 
b. C. neoformans 
c. H. capsullltum 
d. Pneumocystis jirovecii 



8. Which of the following methods is the quickest and 
most common way to diagnose yeast vaginitis? 
a culture 
b. lnda Ink preparation 
c. KOH preparation 
d . saline wet mount 

9. In the United Stat., C. albicans causes 
approxinately of the cases of vaginitis. 
a. 10% 
b. 25% 
c. 33% 
d. 50% 
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10. Tinea cruris Is a ringworm infection of: 
a feet 
b. groin area 
c. nails 
d. pams of the hands 
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Case 1. (This case study was modified from Harvey RA, et al. Lippinc&tt's 1/lu.smned 
Reviews: Microbioklgy. Philadelphia: PA, Lippincott Williams & W.illcins; 2001.An 
Internet search may be required to lo~te answers to some of the questions.) 

A 68-year-old woman was admitted because ofheadaches of about 1-month 
duration. She also complained of vertigo, photophobia, drowsiness, and 
forgetfulness. Physical examination revealed a slight fever, stiff neck, 
crackles (a crackling noise) in her lungs, and a tendency to overreach 
objects. Because of the signs of meningeal irritation, a lumbar punc
ture was performed. The patient was also found to have malignant 
lymphoma. She had an elevated peripheral WBC count. A chest 
x-ray revealed diffuse interstitial infiltrates of both lower lungs. The 
cerebrospinal fluid (CSF) ex:amination revealed the presence of 
WBCs, a decreased glucose level, and a slightly increased protein 
level. While performing the WBC count, the technician noticed 
spherical objects that did not resemble WBCs. These objects 
ranged from 10 to 20 Jlm in diameter. 

A. Based on the available infurmation, which of the following ~uses 
of meningitis should be suspected? 
1. C. neoformans 
2. HIU'IIU)j1hilus influmzae 
3. Neisserilz mmingitidis 
4. Streptococcus pnermumiae 
5. Ercherithia coli 

B. If this pathogen is suspected of being the cause of the patient's meningitis, what 
test should be performed next on the CSF? 

C. If this pathogen is the cause of the patient's meningitis, what should be observed 
when an India ink preparation is examined? 

D. Should this pathogen also be suspected of being the cause of the patient's 
pulmonary infection? 

Case 2. A 14-year-old, immunosuppressed, female patient presents with white, creamy 
patches on her tongue, oral mucous membranes, and the comers of her mouth. 

A. What is the most likely name of her condition? 
1. white piedra 
2. tinea versicolor 
3. thrush 
4. zygomycosis 
5. coccidioidomycosis 

B. Which one of the following fungi is the most likely cause? 
1. C. neofomums 
2. H. capsulatum 
3. P. jirovecii 
4. c. a/biams 



5. Trichosponm heigelii 

Case 3 A 40-year-old, male, AIDS patient, who spends a great de21 of his time ex
ploring caves, presents with malaise, fever, chills, headache, myalgia, chest pains, and a 
nonproductive cough. 

A. Based on this limited information, which of the following fungal diseases does 
this patient most likely have? 

1. coccidioidomycosis 
2. histoplasmosis 
3. cryptococcosis 
4. sporotrichosis 
5. zygomycosis 

B. H your preliminary diagnosis is correct, what would most lilrely be observed in a 
sputum specimen from this patient? 
1. broad, asepttte hyphae 
2. encapsulated, budding yeasts 
3. nonencapsulated, budding yeasts 
4. pseudohyphae 
5. thin, septate hyphae 

(Answers 1D Case Studies can be found in Appendix B.) 
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Artist rendering of Giardia lamblil, a 
pathogenic protozoan. 

Helminths 

Helminth lnfactlon8 of Huma• 

Appraprtate n.enpy for Puultlc 
Infections 

MadlcaiiJ Important Arlllropods 

• Differentiate between the following: ectoparasite& 
versus endoparasites; definitive hosts versus 
intermediate hosts; facultative parasites versus 
obligate parasites; and mechanical vectors versus 
biologic vectors 

• Categorize various parasitic infections by body 
system (e.g., respiratory system, gas1rointestinal1ract, 
and circulatory system) 

• Classify a particular parasitic infection as a protozoal 
or helminth disease 

• Correlate a particular parasitic infection (e.g., 
giardiasis) with its major characteristics, causative 
agent, reservoir(s), mode(s) of transmission, and 
diagnostic laboratory procedures 
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So, 'lllltJirlllist oiJserve, II jletJ 
1llltb mudJer jlells tbllt O'IJ him pn:y 

And tbue lmue muzlkr still to bite 'em; 
And so Jn'fKUilllll hljinitrnn. 

-from Poetry, a Rhapsody,1733 
-by Jonathan Swift (1667-1745) 

INTRODUCTION 

Although parasitology (the study of parasites) is considered 
a branch of microbiology, not all organisms studied in 
a parasitology course are microbes. In fact, of the three 
categories of organisms (parasitic protozoa, helminths, 
and arthropods) that are studied in a parasitology 
course, only one category-parasitic protozoa-contains 
microbes. Therefore, in this chapter, parasitic protozoa 
are discussed in greater detail than are helminths and 
arthropods. 

It would be impossible in a book of this size to describe 
an of the human infectious diseases caused by parasites. 
Thus, only selected parasitic diseases are described in this 
chapter. Although these diseases are described in one par
ticular section of the chapter (e.g., under gastrointestinal 
infections), readers should keep in mind that some parasitic 
diseases have various clinical manifestations, affecting several 
body systems simultaneously, and that the pathogens may 
move from one body site to another. 

Certain of the parasitic diseases described in this chapter 
are nationally notifiable infectious diseases; that is, when 
a patient is diagnosed with one of these diseases in the 
United States, the information must be reported to the 
Centers for Disease Control and Prevention. As of 2014, 
there were five nationally notifiable parasitic diseases-four 
protozoal diseases and one helminth disease (see Table 21-1 ). 
These diseases are described in this chapter, as are some 
parasitic diseases that are not nationally notifiable. 

Parasitic DiBeue 

Cryptosporidicsis 
Cyclcsporiasis 
Giardiasis 
Malaria 
Trlchlnellosls 

Number of New U.S. Cases 
Reported to the CDC in 2014• 

8,882 
398 

14,554 
1,653 

13 ,, _____________________________________ ,/ 
8'fhase11guras provide Insight regarding how common or rara thesa 

dlsaases are In lha United Statas. For updated lnfonnatlon, go 1D 

the CDC webstta; click on "Morbidity & Mortality Weekly Repon-; 
then click on "Notlllabla Diseases"; and finally click on the most 
recent year that Is listed. 

Source: http://www.cdc.gov. 

DEFINITIONS 

Parasitism is a symbiotic relationship that is of benefit to 
one party or symbiont (the parasite) at the expense of the 
other party (the host). Although ( .... , 
many parasites cause disease, some Parasites are 
do not. Even if a parasite is not organisms that live 
causing disease, it is depriving on or In other living 
the host of nutrients; therefore, organisms, at whose 

expense they gain 
parasitic relationships are always some advantage. 
considered detrimental to the host. .._ j 

Parasites are defined as or-
ganisms that live (/fJ or in other living organisms (hosts), 
at whose expense they gain some advantage. In addition to 
parasites of humans, there are many types of plant parasites 
(i.e., parasites of plants) and many types of animal parasites 
(i.e., parasites of animals). 

STUDY AID 
What to Learn? 

This chapter contains a large amount 
of infonnation. Of primary importance 
will be your ability to later recall the 
name of the parasite that causes a 
particular parasitic disease and the manner in which 
the disease Is transmitted. If applicable, you should 
be able to state the vector that is involved in the 
transmission of the disease. For example, if your 
teacher says ~chagas disease, • you should be able 
to state the name of the parasite that causes the dis
ease (a flagellated protozoan named Trypanosoma 
cruz/), the manner In which Chagas disease Is trans
mitted (via the feces of infected reduviid bugs), and 
the vector involved in the transmission of Chagas 
disease (reduviid bugs). 

Parasites that live outside 
the host's body are referred to 
as ectoparasites, whereas those 
living inside the host are called 
endoparasites. Arthropods such as 
mites, ticks, and lice are examples 
of ectoparasites. Parasitic protozoa 
and helminths are examples of 
endoparasites. 

Parasites that 
live outside the 
host's body are 
ectoparasltes, 
and those that live 
inside the host are 
endoparasite& • ... _ _,1 

The lire cycle of a particular pansite may involve 
one or more hosts. H more than one host is involved, the 
definitive host is the one that harbors the adult or sexual 
stage of the parasite or the sexual phase of the life cycle. 
The intermediate host harbors the larval or asexual stage of 
the parasite or the asexual phase of the life cycle. Parasite 
life cycles range from simple to complex. There are one-, 



The definitive host 
harbors the adult 
or sexual stage of 
the parasite or the 
sexual phase of the 
parasite's life cycle. 
The lntennedlate 
host harbors the 
larval or asexual 
stage of the parasite 
or the asexual phase 
of its life cycle. 

two-, and three-host parasites. 
Knowing the life cycle of a particular 
parasite enables epidemiologists 
and other health care profes
sionals to control the parasitic 
infection through intervention 
at some point in the life cycle. In 
addition, parasitic infections are 
most often diagnosed by observing 
and recognizing a particular life 
cycle stage in a clinical specimen. 

An accidental host is a living 
_J organism that can serve as a host 

in a particular parasite's life cycle, but is not a 1ISUIIJ host in 
that life cycle. Some accidental hosts are dead-end hosts, 
from which the parasite cannot continue its life cycle. 

A facultative parasite is an organism that can be parasitic 
but does not have to live as a parasite. It is capable of living 

an independent life, apart from a 
Facultative parasites host. The free-living amebae that 
are organisms that can cause keratoconjunctivitis 
can be parasitic but d b 
are also capable of a an primary ame ic meningoen-
free-living existence. cephalitis (PAM) are examples of 
Obligate parasites facultative parasites. An obligate 
have no choice; to parasite, on the other hand, has 
survive, they must no choice; to survive, it must be a 
be parasitic. parasite. Most parasites that infect 
~-------·} humans are obligate parasites. 

Parasitology is the study of parasites, and a parasitologist 
is someone who studies parasites. As previously stated, any 
upper-division or graduate-level parasitology course would 
be divided into three areas of study: the study of parasitic 
protozoa, of helminths, and of arthropods. 

Medical parasitology is the study of parasites that cause 
human disease. The overall responsibility of the Parasitology 
Section of the Clinical Microbiology Laboratory is to assist 
clinicians in the diagnosis of parasitic diseases-primarily, 
parasitic diseases caused by endoparasites, such as parasitic 
protozoa and helminths. 

In general, parasitic 
Infections are 
diagnosed by 
observing and 
recognizing various 
parasite life cycle 
stages in clinical 
specimens. 

In general, parasitic infections 
are diagnosed by observing and 
recognizing various parasite life 
cycle stages in clinical specimens. 
Some life cycle stages (e.g., amebic 
cysts and Cryptosporidium oocysts) 
are extremely small. Finding them 
in specimens represents one of 
the greatest challenges faced by 
clinical microbiologists. 

HOW PARASITES CAUSE DISEASE 

The manner in which parasites cause damage to their host 
varies from one species of parasite to another, and often 
depends on the number of parasites that are present. For 
helminths, the number that is present is often refened to as 
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the '<worm burden., Some parasites produce toxins, some 
produce harmful enzymes, some invasive and migratory 
parasites cause physical damage to tissues and organs, some 
cause the destruction of individual cells, and some cause oc
clusion of blood vessels and other tubular structures. Some 
parasites interfere with. vital processes of the host, whereas 
others deprive their host of essential nutrients. In some cases, 
the host immune response to the presence of parasites or their 
products causes more injury than do the parasites themselves. 

PARASITIC PROTOZOA 

In the Five Kingdom Classification System of living organ
isms, protozoa are in the Kingdom 
Protista, together with algae. Some Protozoa can 
taxonomists prefer to place them be classified 
in a kingdom by themselves-the taxonomically 
Kingdom Protozoa. Most proto- by their mode 
zoa are unicellular, but some are of locomotion. 
multicellular (colonial). Protozoa Some move by 
can be classified tuonomically pseudopodia, others 
by their mode of locomotion. by flagella, others by 

cilia, and some are 
Amebas (amebae) move by means nonmotile. 
of pseudopodia (literally, "&lse .._ - -' 
feet"). Flagellates move by means of whiplike flagella. 
Ciliates move by means of hairlike cilia. Protozoa classified 
as Spqrozoa (sporozoans) have no pseudopodia, flagella, or 
cilia, and, therefore, exhibit no motility. 

Not all protozoa are parasitic. For example, many of 
the pond water protozoa (e.g.,Pammedum and Sunt<Jrspp.) 
studied in introductory biology and microbiology courses are 
not parasites; some are pictured in Chapter 5. Although most 
protozoal parasites of humans are obligate parasites, some 
are facultative parasites-<:apable of a free-living, nonpara
sitic existence, but also able to become parasites when they 
accidentally gain enttance to the body. A&imthllfiiiJeba spp. and 
Naegkria fowleri are examples of facultative parasites. These 
free-living amebas normally reside in soil or water, but can 
cause serious diseases when they gain entrance to the eyes 
or the nasal mucosa. From the nasal mucosa, they travel via 
the olfactory nerve into the brain r ""'l 
and cause diseases affecting the The trophozoite is 
central nervous system (CNS). the motile, feeding, 

Because protozoa are tiny, dividing stage in 
the protozoal life 

protozoal infections are most cycle, and the 
often diagnosed by microscopic t cyst d cys ,oo ,an 
examination of body fluids, tissue spore are donnant 
specimens, or feces. Peripheral stages. Protozoal 
blood smears are usually stained infections are most 
with Giemsa stain, whereas fe- often acquired 
cal specimens are stained with by ingestion or 
trichrome, iron hematoxylin, or inhalation of 
acid-&.st stains. Most parasitic donnant stages or 
protozoal infections are diagnosed by injection via the 

bite of an infected 
by observing ttophozoites, cysts, arthropod. 
oocysts, or spores in the specimen. .._ _______ .) 
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The tropho:wite is the motile, feeding, dividing stage in 
a protozoan~ life cycle, whereas cysts, oocysts, and spores 
are dormant stages (much like bacterial spores). Protozoal 
infections are prim.arily acquired by ingestion or inhalation 
of cysts, oocysts, or spores, or injection via the bite of an 
infected arthropod. Because of their fragile nature, only 
rarely do trophozoites serve as the infective stages. 

PROTOZOAL INFECTIONS OF HUMANS 

Protozoal Infections of the Skin 

Leishmaniasis 
Dinase. There are three forms ofleishmaniasis: cutaneous, 
mucocutaneous (or mucosal), and visceral. The cutaneous 
form starts with a papule that enlarges into a craterlike ulcer 
(Fig. 21-1 ). Individual ulcers may coalesce, causing severe 
tissue destruction and disfigurement. Visceral leishmaniasis, 
also known as kala-azar, is characterized by fever, enlarged 
liver and spleen, lymphadenopathy, anemia, leukopenia, and 
progyessive emaciation and weakness. Death may result in 
untreated cases. 

Patient care. Use Standard Precautions for hospitalized 
patients. 

Geographic OccumNJC8. Leishmaniasis occurs in many 
regions of the world, including Pakistan, India, China, 
the Middle East; Africa, South and Central America, and 
Mexico. Cases have also occurred in South Central Texas. 
It is estimated that between l.S and 2 million people have 
leishmaniasis and that about 57,000 people die each year 
from the disease. 

Parasltsa. Leishmaniasis is caused by various species of 
flagellated protozoa in the genusLeirhmtmia. The nonmotile, 

intracellular form of the parasite 
is called an tmUIStigote. The motile, 
extracellular form of the parasite 
is called a jJf'O'IIII#tigote. 

Reservoirs and Mode otTtans
mission. Reservoirs include 
infected humans, domestic dogs, 
and various wild animals. Leish

(" 

Leishmaniasis 
is caused by 
various species of 
flagellated protozoa 
and is usually 
transmitted via the 
bite of an Infected 
sand fly. , '.., _______ .. 

maniasis is principally a zoonosis and is usually transmitted 
via the bite of an infected sand fly. 'Ihnsmission by blood 
transfusion and person-to-person contact has been reported. 

Laboratory Diagnosis. Diagnosis of cutaneous and 
mucocutaneous leishmaniasis is made by microscopic 
identification of the amastigote form in stained prepa
rations from lesions or by culture of the extracellular 
promastigote form on suitable media. Culture is rarely 
performed in clinical microbiology laboratories. In stained 
preparations, amastigotes are seen within macrophages 
and close to disrupted cells. An intradermal test, called 
the Montenegyo test, immunodiagnostic and molecular 
diagnostic procedures are also available. In the Mon
tenegro test, an antigen derived from promastigotes is 
injected into the skin. 

Protozoal Infections of the Eyes 
Protozoal infections of the eyes include conjunctivitis 
and keratoconjunctivitis (inflammation of the cornea and 
conjunctiva), caused by amebas in the genusAeantbamceba, 
and toxoplasmosis, caused by the sporozoan, Tox()jl/a.sma 
gondii.Although toxoplasmosis is described in this section 
of the chapter, there are many manifestations of toxoplas
mosis in addition to ocular disease. Ocular manifestations 
of toxoplasmosis occur primarily in immunosuppressed 

Rgure 21·1. Patients with cutaneoua leishmaniaaia. ([A] From Binford CH, Connor DH. Pathology ofTropicsJ 
snd Extraotdinsry Diseases. Vo11. Washington, DC: Armed Forces Institute of Pathology; 1976.[BJ Provided by 
Dr. OS Martin and the CDC.) 
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Protozoal Infections of tite Eyes · 

Dieeaee 

Amebic Eye Infections. Amebic conJunctivitis and keratocon
Junctivitis are amebic lnfecUons causing Inflammation of the 
conjunctiva, corneal ulcers, pus formation, and severe pain. 
These infections can lead to loss of vision. The disease pro
cess is more rapid if corneal abrasions are present. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occurrence. Amebic eye Infections occur In 
many countries on all continents. 

'lbxoplasmosis. Toxoplasmosis is a systemic sporozoan in
fection that, in immunocompetent persons, may be asymp
tomatic or resemble Infectious mononucleosis. However, 
serious disease, even death, may occur In Immunodeficient 
persons. Disease typically Involves the central nervous sys
tem, eyes (chorioretinitis), lungs, muscles, or heart. Cerebral 
toxoplasmosis is common in AIDS patients. Infection during 
early pregnancy may lead to fetal infection, causing death of 
the fetus or serious birth defects (e.g., brain damage). 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occunnce. Toxoplasmosis occurs worldwide. 

patients, in whom the infection can lead to removal of the 
infected eyeball (enucleation). Amebic conjunctivitis and 
keratoconjunctivitis can also result in enucleation. Table 21-2 
contains information about these diseases. 

Protozoal Infections of the 
Gastrointestinal Tract 
Of the many protozoal infections of the gastrointestinal 
tract, only amebiasis, balantidiasis, cryptosporidiosis, 

-, cyclosporiasis, and giardiasis 
The largest are discussed in this chapter. As 
waterborne previously mentioned, the latter 
outbreak ever to three diseases are nationally no-
occur in the United tifiable infectious diseases in the 
States was caused United States. Figure 21-2 and 
by Cryptosporidium Table 21-3 contain information 
parvum, a protozoan about protozoal infections of the 
parasite. 

'"--------·~· gastrointestinal tract. 

Additional Information 

Paraeltes. Amebic eye Infections are caused by several spe
cies of amebas In the genus Acanthamoeba. Because these 
amebas are capable of either a free-living or a parasitic ex
istence, they are referred to as facultative parasites. 

Reservoirs and Mode of Transmission. The amebas enter 
the eye from ameba-contaminated waters. Infections have 
occurred primarily in people who wear soft contact lenses 
and have used nonsterlle, homemade cleaning or wetting 
solutions, or have become Infected In ameba-contaminated 
spas or hot tubs. 

Laboratory Diagnosis. Amebic eye infections are diagnosed 
by microscopic examination of scrapings, swabs, or as
pirates of the eye, or by culture on media seeded with 
Escherichia coli or another member of the family Enterobac
teriaceae. The bacteria on the media serve as food for the 
amebas. 

Parasite. Toxoplasmosis is caused by Toxoplasma gondii, an 
intracellular sporozoan. 

Reeervolrs and Mode of lnnsmls81on. Definitive hosts In
clude cats and other felines that usually acquire Infection by 
eaUng Infected rodents or bllda. Intermediate hosts Include 
rodents, birds, sheep, goats, swine, and cattle. Humans 
usually become infected by eating infected raw or under
cooked meat (usually pork or mutton) containing the cyst 
form of the parasite or by ingesting oocysts that have been 
shed in the feces of infected cats. Oocysts may be present 
in food or water contaminated by feline feces. Children may 
Ingest oocysts from sand boxes containing cat feces. Infec
tion can also be acquired transplacentally, by blood transfu
sion, or by organ transplantation. 

Laboratory Diagnosis. Toxoplasmosis is typically diagnosed 
using immunodiagnostic procedures. Other diagnostic 
methods include demonstration of the parasite in stained 
body tissues or fluids obtained by biopsy or necropsy 

Protozoal Infections ot the Genlteurlnary Tract 

Trichomoniasis 
Disease. Trichomoniasis is a se:x:ually transmitted protozoal 
disease affecting both men and r 
women. The disease is usually Trichomoniasis 

symptomatic in women, causing 
vaginitis with a profuse, thin, foamy, 
malodorous, greenish-yellowish 
discharge. It has been estimated 
that trichomoniasis accounts for 
appro:rimately one-third of the 
cases of vaginitis in the United 
States (another third is caused 
by Cmu:liJa alhic:tms and another 
third by bacteria). In women, 
trichomoniasis may also present 
as urethritis or cystitis. Although 

is caused by a 
flagellated protozoan 
named Trichomonas 
vagina/Is and Is 
transmitted by 
direct contact 
with vaginal and 
urethral discharges 
of infected people. 
Trichomoniasis is 
usually symptomatic 
in females and 
asymptomatic in 
males. ~.,. _______ .) 
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EntalnoeiNIIII_,_ 
• lnfecls colon with secondary i'lfection of liver. 
• lnlaclad palienls pass noninfaclious buphomites 
as wall as inlaclioua cysiB in 81Dols. 

• Diagnosis by praaence of characl8rislic cyal8 
(containing one to four nuc:lel) In stools. 

• Therapy: lodoqulnol, metranlduole. 

~,.,._ 

• lnl'ecls lower small intasline. 
• Organiama are intracellular paresites 

In epithelial cella of Intestinal villi. 
• Diagnosis by modlled acld·fa8t 

stain of siOol sample. 
• Therapy: Paromo¥n 

(often not elraciN&). 
Oocyata 

G;uf;. IMdiiM 
• lnfaclion usually results from 

drinking contaminatac:l wal8r. 
•lnfact:l duodenum, with lncuballon 

Ume of about tan days. 
• .Acula lnf8cllon shows sudden onset 

with foul smelling, walary diarrhea. 
• Diagnosis by praaence of cysiB 
or trophozoltles In stoole. 

• Therapy: Matranldazlole. 

Figure 2t ·2. Three protozoal Infections of the gasttolntestlnal tract. (Redrawn from Harvey RA. et al. Upplncott's /1/usttated 
Reviews: Mlctoblology. 2nd ed. Philadelphia, PA: Upplncott Williams & Wilkins; 2007.) 

Protozoal Infections of the Gastrointestinal Tract 

DiHeee 

Ameblalla. Amebiasis or amebic dysentery Ia a protozoal gas
trointestinal infection that may be asymptomatic, mild, or 
severe and ia often accompanied by dysentery, fever, chills, 
bloody or mucoid dia.rrhea or constipation, and colitis. The 
amebas may invade mucous membranes of the colon, 
forming abscesses and amebomas, which are granulomas 
that are sometimes mistaken for carcinoma. Amebas may 
also be disseminated via the bloodstream to extralntestl· 
nal sHea, le6dlng to abscesses of the liver, lung, brain, and 
ather organa. Depending on their location, untreated ex
trainteatinal amebic abscesses can be fatal. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occurrence. Amebiasis occurs wor1dwide. 

Balantidiasis. Balantidiasis is a protozoal gastrointestinal in· 
fection of the colon, causing diarrhea or dysentery, colic, 
nausea, and vomiting. 

Patient care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occurrence. Although seen worldwide, balantldl· 
asls Is rare In the United States. 

Additional Information 

Parasite. Amebiasis Ia caused by Entamoeba hlstolytica. Like 
all amebas, E. histolytic& has two atagu: the cyst stage, 
which is the dormant, infective stage, and the motile, meta· 
bolically active, reproducing trophozoite stage. 

Reservoirs and Mode of 'Thnsmillion. Reservoirs include 
symptomatic and asymptomatic humans and fecally contam
Inated food or water. Transmission occurs In one of several 
ways: (a) via Ingestion of fecally contaminated food or water 
containing cysts, (b) by fllee transporting cysts from fecee to 
food, (c) via the fecally soiled hands of infected food handlers, 
(d) by ot'"BHnal sexual contact, or (e) by anal intercourse. 

Laboratory Diagnosis. Amebic dysentery is diagnosed by mi· 
croscopic observation of E. histolytica trophozoites and/or 
cysts in stained smears of fecal specimens. Amebic tropho
zoites and cyst and tropho size are only 1 or 2 IJm in diame
ter and are thus dlfflcult to tlnd In permanent stained smears 
of fecal material. It Is also necessary for microbiology 
profeealonals to be able to dlftenmtlate E. hlstofytfca from 
other pathogenic and nonpathogenic intestinal amebas. The 
presence of red blood cells within trophozoites indicates 
invasive amebiasis. A molecular diagnostic assay as part of 
a syndromic panel can be used for diagnosis. 

Parasite. Balantidiasis is caused by Balsntidium coli, a ciliated 
protozoan (rater back to Fig. 5-6). 8. coli is the only ciliate 
that causes disease in humans. Balantidiasis occurs more 
commonly in pigs than in humans. 

Reeervolrs and Mode or lnnlmlsslon. Reservoirs Include pigs 
and anything that might be contaminated with pig feces (e.g., 
drinking water). Transmission most often occurs via Ingestion 
of B. coli cysts in fecally contaminated food or water. 

Laboratory Diagnoei&. Balantidiasis is diagnosed by obaerv· 
ing and identifying 8. coli trophozoite& or cysts in fecal 
specimens, which may also contain blood and mucus. 8. 
coli is the largest of the protozoa that infect humans. 
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Protozoal Infections of the Gas1rolntesUnal Tract (continued) 
1 

Dl•ase 

Cryptosporidiolis. Cryptosporidiosis is a gastrointestinal 
infection caused by a coccidial protozoan. Coccidia are 
sporozoa. Cryptosporldlosls may be asymptomatic or may 
cause diarrhea, cramping, and abdominal pain. Less com
mon symptoms Include malaise, fever, anorexia, nausea, 
and vomiting. The disease may be prolonged, fulminant, 
and fatal in immunosuppr8888d patients. Children younger 
than 2 years of age, animal handlers, travelers, homosex
uals, and day care center workers are particularly likely to 
be infected. Outbreaks in day care centers are common. 
Outbreaks have also been associated with drinking water. 
recreational use water. and drinking unpasteurized apple 
elder contaminated with cattle feces. 

Patfent Care. Use Standard Precautions for hospitalized patients. 
Add Contact Precautions for diapered or incontinent patients. 

Geographic Occurrence. This disease has been reported 
worldwide. The largest waterborne outbreak that has ever 
occurred in the United Slates was the 1993 cryptosporid
iosis outbreak in Milwaukea. WI, which affected more than 
400,000 people. 

Cyclosporiasis. Cyclosporiasis is a coccidial gasbointestinal 
lnfecUon, causing watery dlanhee (six or more stools per 
day), nausea, anorexia, abdominal cramping, fatigue, and 
weight loss. The dlarmea lasts between 9 and 43 days In 
Immunocompetent patients, and months In lmmunocom
promiaed patients. 

Patient Cant. Uae Standard PI9CBUtiona for hospitalized 
patients. 

Geographic Occunence. Cyclosporiasis has been diagnosed 
in Asia, the caribbean, Mexico, Peru, and the United States. 

Glardlaela. Giardiasis Is a protozoal Infection of the duodenum 
(the uppermost portion of the small intestine) and may be 
asymptomatic, mild, or severe. Patients experience diar
rhea, steatorrhea Ooose, pale, malodorous, fatty stools), 
abdominal cramps, bloating, abdominal gas, fatigue, and, 
possibly, weight loss. 

Patient Care. Use Standard Precautions for hospitalized pa
tients. Add Contact Precautions for diapered or Incontinent 
patients. 

Geographic Occurrence. This disease occurs worldwide. 

Addltlonallnfonnatlon 

Parasite. Cryptosporidiosis results from ingestion of oocysts 
of Cryptosporidium patVUm, a coccidian (Other coccidial 
parasites of humans are In the genera Cyc/ospora, Isospora, 
and Salwcyst/s.) 

Reeervolnt and Mode of lhmlmlealon. Reservoirs Include 
infected humans, cattle, and other domestic animals. Fecal
oral transmission; from person to person, from animal to 
person, or via ingestion of contaminated water or food. 

Laboratory Diagnosis. Cryptosporidiosis can be diagnosed 
by microscopic observation of small (4-6 ~o~m diameter) 
acid-fast oocysts In stained smears of fecal specimens. 
Sensitive and specific lmmunodlagnostlc procedures are 
also available. A molecular diagnostic assay as part of a 
syndromlc panel can also be used for diagnosis. 

Parasite. Cyclosporiasis results from ingestion of oocysts of 
Cycfospora cayetanensls, a coccidian. 

Reeervolra and Mode of 1\'anamlealon. Reservoirs Include 
fecally contaminated water sources and product that has 
been rtnaed with fecally contaminated water. Transmission 
ia primarily waterborne, but outbreaks have involved con
taminated raapberries, basil, and lettuce. 

Lllbondory Diagnosis. Diagnosis of cyclosporiasis is made 
by microscopic observation of the 8- to ~~o~m-diameter 
acid-fast oocysts, which are about twice the size of C!ypto
sporfd/um oocysts. The oocysts autofluoresce a bright green 
to Intense blue under ultraviolet fluorescence, when exam
Ined using appropriate filters. A molecular diagnostic assay 
as part of a ayndromic panel can aJao be used for diagnosis. 

Pathogen. Giardiasis Is caused by Glarclla Iambiia (also called 
Giardia intestinalis), a flagellated protozoan (Fig. 21-3). Tro
phozoites attach by means of a ventral sucker to the muco
sal lining of the duodenum. Trophozoites and/or cysts are 
expelled in feces. 

Reservoirs and Mode of Transmission. Reservoirs include 
infected humans, possibly beavers and other wild and 
domestic animals that have consumed water containing 
Giardia cysts; and fecally contaminated drinking water and 
recreational water. The disease commonly occurs in day 
care centers. Transmission occurs via the fecal-oral route, 
usually by ingestion of cysts in fecally contaminated wa
ter or foods, or from person to person by soiled hands to 
mouth (as occurs in day care centers). Large community 
outbreaks have resulted from drinking treated but unfiltered 
water. Filtration Is necessary because the concentrations of 
chlorine used In routine water treatment do not kill Giardia 
cysts, especially In cold water. Smaller outbreaks have In
volved contaminated food, person-to-person transmission 
in day care centers, and fec::ally contaminated recreational 
water (e.g., swimming and wading pools). 

(continued) 
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Protozoal Infections of the Gastrointestinal 'D'act (continued) 

Diaeaee Additionallnformation 

Figure 21-3. Stained Giardia Iambiia trophozoltea, 
which were cultured In a reeean:h laboratory. G. Iamblia 
trophozoites, 10 to 20 JUTIIong by 5 to 15 p.m wide, are easy 
to recognize in microscopically examined fecal specimens. 
Their two oval nuclei resemble eyes. As you observe a Giardia 
trophozoite through the microscope, It appears to be looking 
up at you. (Provided by Blomed Ed., Round Rock, TX.) 

rarely symptomatic in men, trichomoniasis may lead to 
prostatitis, urethritis, or infection of the seminal vesicles. 
Persons with trichomoniasis often also have other se:r:ually 
transmitted diseases, especially gonorrhea. 

Patient Cete. Use Standard Precautions for hospitalized 
patients. 

Geographic Occunence. Trichomoniasis occurs worldwide. 

Parasite. Trichomoniasis is caused by T. vagiMlis, a flagellate. 

ReaeJYoirs and Mode of Transmission. Infected hu
mans serve as reservoirs. Transmission occurs by direct 
contact with vaginal and urethral discharges of infected 

Laboratory Diagnosis. Giardiasis Is usually diagnosed by 
microscopic observation of trophozoltes and/or cysts In 
stained smears of fecal specimens or duodenal aspirates. 
The characteristic teardrop-shaped Giardia trophozoite 
contains two nuclei, gMng it the appearance of a face (Fig. 
21-3). It appears to be looking up at the person observing 
it microscopically. The Giardia trophozoite has been de
scribed as resembling an owl face, a clown face, or an old 
man with glasses. lmmunodlagnostlc procedures are also 
available. A molecular diagnostic assay as part of a syn
dromlc panel can also be used for diagnosis. Other pho~ 
graphs of GifU'dis can be found in Chapters 5 and 15. 

people during sexual intercourse. Because this organ
ism exists only in the fragile trophozoite stage (there is 
no cyst stage), it cannot survive very long outside the 
human body. 

l.aboratory Diagnosis. Vaginitis caused by T. vagina/is 
can be diagnosed by performing a saline wet mount ex
amination (described in Appendix 5 on , , Pohl) of freshly 
collected vaginal discharge material and observing the 
motile ttophozoites (Fig. 21-4). Culture procedures are also 
available, but are rarely performed in clinical microbiology 
laboratories. T. v11ginalis trophozoites are sometimes seen 
in urine and Papanicolaou smears. Diagnosis of trichomo
niasis in men can be accomplished by performing a saline 
wet mount of urethral discharge material or prostatic 

Figure 21·4. TWchomonu 11agfnafls and Gram-poaltlve 
cocci, for elze comparllon. T. vaglnslls trophozoltes 
(arrows) are easy to recognize in a saline wet mount 
preparation of a freshly collected specimen. Their flagella 
and undulating membrane cause them to be constantly 
In motion. When they die, however, they beeome spherical 
and cannot be distinguished from white blood cells. 
(From Harvey RA, et al. Upplncott's 11/ustratecl Reviews: 
Microbiology. 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2013.) 



secretions. Recendy, a molecular diagnostic assay has 
become available for diagnosing trichomoniasis in males 

Malaria Is one of 
the most important 
Infectious diseases 
in 1he wor1d. Humans 

and females, often in conjunction 
with testing for chlamydia and 
gonorrhea. 

become infected 
following the injection Prvtozoal lnfactlons of the 
of sporozoites into Circulatory System 
the bloodstream by Table 21-4 contains information 
a female Anopheles 
mosquito. about protozoal infections of the 

... _______ .; circulatory system. 

Disease 

African Trypanosomiasis {African Sleeping Sickness). African 
trypanosomiasis is a systemic disease caused by flagellated 
protozoa In the bloodstream, knoWn as hemoftagellates. Early 
stages of the disease Include a painful chancre at the site of a 
tsetse fly bite, fever, Intense headache, Insomnia, lymphadeni
tis, anemia, local edema, and rash. Later stages of the disease 
include body wasting, falling asleep, coma, and desth if un
traated. The latter stages of the disease have given rise to the 
name African sleeping sickness or simply sleeping sickness. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occurrence. African trypanosomiasis Is transmit
ted by the tsetse fty (genus Glossina), so the disease occurs 
only In tropical Africa, where tsetse flies are found. It Is 
estimated that more than 300,000 people have African try
panosomiasis and that about 66,000 people die each year 
from the disease. 

American Trypanoeomiuis (Chagas Dilease). American try
panosomiasis Is also known as Chagas disease, In honor of 
Carlos Chagas, who descl1becl the entire life cycle of Trypano
soma cruz/ In 1909. In the acute stage of the dlaeaae, petlenta 
may p1888nt with an inflammatory response at the site of the 
reduviid bug bite, fever, malaise, lymphadenopathy, hapato
m ... ly (enlarged liver), and splenomegaly (enlarged spleen), 
although it may be asymptomatic. Chronic irreversible compli
cations include heart damage, arrtlythmias, enlarged esoph
agus (megaesophagus), and enlarged colon (megacolon). 
U.threatenlng meningoencephalitis may occur. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographical Occurrence. Chagas disease occurs primarily 
in South America, Central America, and Mexico, although a 
few cases have been reported in the United States (by bug 
bite or blood transfusion). Because increasing numbers of 
infected people enter the country from endemic areas, con
cern Is growing In the United States about the safety of the 
blood supply. It Is estimated that between 16 and 18 million 
people have Chagas disease and that about 50,000 people 
die each year from the diaeaae. 
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STUDY AID 
"Bugs" 

Some people refer to all, or 
most, insects as bugs, but only one 
category of insects-class Insecta
actually contains bugs. Technically, 
true bugs are in the order Hemiptera. Included in this 
order are bed bugs, reduviid bugs, several types of 
water bugs, and many plant bugs. 

Addllonallnfonnaaon 

Pathogens. Two subspecies of Trypanosoma bnicei cause 
African trypanosomiasis. Trypanosoma bn.tcei ssp. gambi
ense, In Western and Central Africa, causes most cases of 
sleeping sickness; the disease may last several years. Try
panosoma bruce/ssp. rhodesfense, In Eastern Africa, causes 
a more rapidly fatal form of African trypanosomiasis, usually 
lethal within weeks or a few months without treatment. 

Reservoirs and Mode of 'lhlnamission. Infected humans 
serve as reservoirs of T. brucei ssp. gambiense, whereas 
wild animals and domestic cattle are the primary reservoirs 
of T. brucei ssp. modesiense. Tsetse flies become infected 
when they Ingest blood that contains the trypanosomes. 
The parasites then multiply and mature wtthln the Infected 
tsetse flies. Humans become Infected when mature try
panosomas (trypomastigotes) are injected into the blood
stream because the infected tsetse flies take blood meals. 

Laboratory Diagnosis. African trypanosomiasis is diagnosed 
by observing and identifying trypomastigotes in blood, 
lymph node aspirates, or cerebrospinal fluid (Fig. 21-5). lm
munodlagnostlc procedures are also available. 

Parasite. The etiologic agent of American trypanosomiasis is 
T. cna/, which occurs In two stages: a hemoflagellate (the 
trypomastlgote form) and a nonmotile, Intracellular parasite 
(the amastlgote form). 

Reeervolrs and Mode of 'lhlnamlselon. Reservoirs include 
infacted humans and more than 150 species of domestic 
and wild animals, including dogs, cats, rodents, carnivores, 
and primates. The vectors of American trypanosomiasis are 
rather large bugs (see "Study Aid: Bugs" at the top of this 
page). They are known by many names, Including reduvlld 
bugs, trlatome bugs, kissing bugs, and con•nosed bugs. A 
bug becomes Infected when It takes a blood meal from an 
lnfacted animal. Later, when the bug takes a blood meal or 
feeds at the comer of a sleeping person's eye, the bug def
ecates. The person becomes infected by rubbing the insect 
feces-which contain the parasite-into the bite wound or 
eye. The characteristic unilateral swelling of the eyelid that 
occurs after T. cruzi is rubbed into the eye is called Romaila 
sign. Transmission by blood transfusion and organ trans
plantation also occurs. 

(continued) 
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Protozoal Infections of 1he Circulatory System (continued) 

Disease Addltlonallnfonnatlon 

Babesiosis. Babesiosis is a sporozoan disease that may in
clude fever, chills, myalgia, fatigue, jaundice, and anemia. 
It Is potentially severe and sometimes fatal, especially In 
splenectomized and elderly people. Patients may be simul
taneously Infected wtth Borrelia burgdorfetf, the bacterium 
that causes Lyme disease, which is transmitted by the same 
species of tick. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occummce. Babesiosis is an endemic disease in 
many pal1s of the world, Including Europe, Mexico, and the 
United States. Most u.s. cases occur In New York and New 
England. 

Malaria. Malarta Is a systemic spoiOZOan Infection with mal
aise, fever, chills, sweating, headache, and nausea. The 
frequency with which the cycle of chills, fever, and sweating 
is repeated is raferred to as periodicity, which depends on 
the particular species of malarial parasite that is causing 
the Infection. The Intermittent bouts of chills and fever .a 
sometimes referred to as paroxysms. In addition to these 
symptoms, falclparum malaria may be accompanied by 
cough, diarrhea, respiratory distress, shock, renal and liver 
failure, pulmonary and cerebral edema, coma, and death. 

Patient Care. Use Standard Precautions for hospitalized 
patients. 

Geographic Occurntnce. Malaria is one of the most import
ant infectious diseases in the world. It is a major health 
problem in many tropical and subtropical countries, with 
an estimated 30o-600 million cases and 1.~2.7 million 
deaths annually. About 90" of all malaria cases occur In 
Africa, where approximately 1 million children die from ma
laria each year. Malaria is a nationally notifiable infectious 
disease in the United States. Most U.S. cases are imported, 
meaning that the disease was acquired outside the country. 
A few nonimported, mosquito-transmitted cases of malaria 
occur in the United States each year. 

Laboratory Diagnosis. American trypanosomiasis is diag
nosed by obsetvation oftrypomastigotes in blood (Fig. 21~ 
or amastlgotes In tissue (especially cardiac tissue) or lymph 
node biopsies. lmmunodlagnostlc and molecular diagnostic 
procedures are also available. Xenodiagnosis Ia perfonned 
in endemic countries. In this procedunt, sterile (uninfected), 
laboratory-raised reduviid bugs are allowed to take blood 
meals from persons suspected of having Chagas disease. 
(The bite is painless.) The bugs are then taken to a labora
tory, where their feces are periodically checked microscopi
cally for the presence of the parasite. 

Parasites. Babesiosis is caused by Babesia microti and other 
Babesia spp., including Babesia divergens in Europe. Like 
the malaria parasites, Babesia spp. are lntraerythrocytlc 
sporozoa (I.e., they live within el)'throcytes). 

Reeervolre and Mode of 'n'anemleelon. Reservoirs In
clude rodents fer B. microti and cattle for B. divergens. 
Transmission occurs by tick bite and, rarely, by blood 
transfusion. 

Laboratory Diagnosis. Babesiosis is diagnosed by observa
tion and identification of intraerythrocytic Babesia parasites 
In Glemsa-stalned blood smears. They resemble the early 
"ring tonns• of malarial parasites-particularly Plasmodium 
falclpa~t~m-and thus must be differentiated from malarial 
parasites. lmmuncdlagnostlc and molecular diagnostic pro
cedures are also available. 

Paraeltee. Human malaria Is caused by four species In the 
genua Plasmodium: Plasmodium vivax (the most common 
species), P. falciparum (the most deadly), Plasmodium ma
lariae, and Plasmodium ovale. These are intraerythrocytic 
sporozoan parasites. Infection with P. vivax and P. ovale 
results In chills and fever every 48 hours and Is referred to 
as tertian malaria. P. malatfae Infection causes chills and 
fever every 72 hours, and Is referred to as quartan malaria. 
P. falclparum periodicity varies from 38 to 48 hours. Mixed 
infections-that is, infections invoMng more than one 
Plasmodium species-occur in certain geographic areas. 
Drug-resistant strains of P. vivax and P. falciparum are 
common. Plasmodium spp. have a complex life cycle in
volving a female Anopheles mosquito, the liver and eryth
rocytes of an infected human, and many life cycle stages 
(Fig. 21-7). 

Reeervolra and Mode of Traneml881on. Infected humans 
and infected mosquitoes serve as reservoirs. Most human 
infections occur as a result of injection of aporozoites into 
the bloodstream by an infected female Anopheles mosquito 
while taking a blood meal. Infection may also occur as a 
result of blood transfusion or the use of blood-contaminated 
needles and syringes. 

Laboratory Diagnosis. Malaria Is diagnosed by observation 
and Identification of lntraerythrocytlc PlasmodiUm parasites 
In Glemsa-stalned blood smears (Fig. 21-8).1mmunodlag
nostlc and molecular diagnostic procedures are also avail
able for diagnosis. 



Figure 21-&. 'J)ypano.soma btucei 1rypomastigoles in a 
stained peripheral blood smear from a patient with African 
Uypanosomlasls. T. bruce/ trypomastlgotes are 14 to 33 ~o~m 
long by 1.5 to 3.5 ~o~m wide. (From Procop, G., et al. Koneman's 
Color Atlas and Textbook of DIIJgnostlc Microbiology. 7th ed. 
Philadelphia, PA: Wolters Kluwer; 2017.) 
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Figure 21-8. »ypanosoma CI'IJZi trypomastigotes in 
a stained peripheral blood smear 1nHn a patient with 
American trypanoaomlaele (Chagas dlaeeee). Several 
trypomastlgotes of T. cruzl, with their typical ·c· shape, 
can be seen among the r9d blood cells. (From Procop, G., 
at al. Koneman's Color Attss and Textbook of Diagnostic 
Microbiology. 7th ed. Philadelphia, PA: Wolters Kluwer; 2017.) 
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Figure 21-7. Life cycle of malarial parasites. Note that humans become infected when a female Anopheles mosquito injects 
sporozoltes while taking a blood meal. Mosquitoes become Infected when they Ingest male and female gametocytes (at least 
one of each) while taking a blood meal. (Redrawn from Harvey RA, et al. Upplncott's Illustrated Revfews: Microbiology. 3rd ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 
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Figure 11-8. Giemsa-stained periph~~n~l blood smear 
showing Pl&smadium f81ciparum traphozoiiH (llnuws) 
within red blood cells. (From Binford CH, Connor DH. 
Pathology of Tropical and ExttaordinBI'}' Dissases. Vol1. 
Washington, DC: Armed Forces Institute of Pathology; 1976.) 

Protozoallnfacllons ot lila Cenlral Nervous 
System 

Protozoal infections of the CNS include Toxoplasmosis 
(see Table 21-2), amebic abscesses (see Table 21-J),African 
Trypanosomiasis (see Table 21-4) and PAM. 

Primary Amebic Manlngo111caphaiHis 
Disease. PAM is an amebic disease causing inflammation 
of the brain and meninges, sore throat, severe frontal head
ache, hallucinations, nausea, vomiting, high fever, and stiff 
neck. Unless diagnosed and treated promptly, death occurs 
within 1 0 days, usually on the fifth or sixth day. 

Patient Carv. Use Standard Precautions for hospitalized 
patients. 

Geographic Occunence. PAM has been reported 
worldwide. 

PAM is caused by 
an ameboflagellate 
named Naeg/erla 
fow/erl. 

Parasite. PAM is caused by N. 
frrwkri, an ameboflagellate. • Ame
bas in the genera Aamtbamoeba 
and Baltmultbia can cause similar 
conditions. 

ResetvOirs and Mode of 'D'ansmiuion. Water and 
soil serve as reservoirs. The amebas usually enter the 
nasal passages of a person diving and/or swi.m.ming in 
ameba-contaminated water, such as ponds, lakes, "the old 

'N. fowleri is classified as an ameboftagellat:c because its life cycle 
consists of three stages: trophozoite, a tcmporaty flagellar stage 
known as an ameboftagellate, and cyst. 

swimming hole," thermal springs, hot tubs, spas, and pub
lic swimming pools. Mter the amebas colonize the nasal 
tissues, they invade the brain and meninges by traveling 
along the olfactory nerves. 

Laboratory Diagnosis. Diagnosis of PAM can sometimes 
be made by microscopic examination of wet mount prepa
rations of fresh cerebrospinal :fluid (CSF). However, because 
they are colorless and transparent, amebas are difficult to 
see in wet mounts, unless the microscope light is turned 
very low. Phase-contrast microscopy is helpful. Smears of 
CSF sediment can be stained with Wright, Wright-Giemsa, 
Giemsa, or trichrome stain. Leukocytes and amebas are 
similar in appearance. Unfortunately, most cases of PAM 
are diagnosed after the patient's death through observation 
of amebas in stained sections of brain tissue. 

HELMINTHS 

The word helminth means parasitic worm. Although hel
minths are not microorganisms, the various procedures 
used to diagnose helminth infections are performed in 
the Parasitology Section of the Clinical Microbiology 
Laboratory. These procedures often involve the observa
tion of microscopic stages--eggs and larvae-in the life 
cycles of these parasites. Helminths infect humans, other 
animals, and plants, but only 
helminth infections of humans 
are discussed in this chapter. The 
helminths that infect humans are 
always endoparasites. 

Helminths are multicellular, 
eukaryotic organisms in the 
Kingdom Animalia. The two 
major divisions of helminths 
are roundworms (nematodes) 
and flatworms. The flatworms 
are further divided into tape
worms (cestodes) and flukes 
(trematodes). 

The typical hehninth life 
cycle includes three stages: the 
egg, the larva, and the adult worm. 
Adult! produce eggs, from which 

f "' 
Helminths (parasitic 

1 

worms) are divided 
Into roundworms 
(nematodes) 
and flatworms. 
Flatworms are 
further divided 
into tapeworms 
(cestodes) and 
flukes (trematodes). 1 "-----------

,.-
The stages of the 
typical helminth life 
cycle are the egg, 
the larva, and the 
adult worm. ..... _______ ) 

larvae emerge, and the larvae mature into adult worms. 
Adult nematodes are either male or female. Cestodes 
and many trematodes are hermaphroditic; that is, adult 
worms contain both male and female reproductive organs. 
Thus, it only takes one worm to produce fertile eggs. 

The host that harbors the larval stage is called the 
intermediate hort, whereas the host that harbors the adult 
worm is called the dqinitive host. Sometimes helminths 
have more than one intermediate host or more than one 
definitive host. The fish tapeworm, for example, is what is 
known as a three-host parasite, having one definitive host 
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Figure 21·8. Fish tapeworm IKe cycle-an example of a threEHioat life cycle. A human serves as the definitive host, harboring 
the adult worm. A Cyclops species (a crustacean) serves as the first intermediate host, harboring the procercoid larva stage. A 
freshwater fish serves as the second intermediate host, harboring the plerocercoid larva {the infective stage}. Humans become 
infected by ingesting the plerocercoid larva in raw or unden::ooked fish. 

' (human) and two intermediate 
hosts (a freshwater crustacean 
called a Cyclops and a freshwater 
fish) in its life cycle (Fig. 21-9). 
Fleas serve as intermediate hosts in 
the life cycle of the dog tapeworm, 
whereas dogs, cats, or humans can 
serve as definitive hosts. 

Helminth infections are 
primarily acquired by ingesting 
the larval stage, although some 
larvae are injected into the body 
via the bite of infected insects, 

and others enter the body by penetrating skin. Helminth 
infections are usually diagnosed by observing whole worms 
or segments of worms in clinical specimens (usually, fe
cal specimens), or larvae or eggs in stained or unstained 
clinical specimens. 

HELMINTH INFECTIONS OF HUMANS 

The major helminth infections of humans are shown in 
Table 21-5 .Additional information about helminth infec
tions can be fomtd on .~.~ lltJi nL. 

APPROPRIATE THERAPY FOR PARASITIC 
INFECTIONS 

Recommendations for the treatment of infectious diseases 
change frequendy. The parasitic infections described in this 
chapter must be treated using appropriate antiprotozoal 
or antihelminth drugs. 

Additional information about antiparasitic agents can be 
found in Chapter 9 and at the CDC website (www.cdc.gov). 
Drugs used to treat helminth infections are also known 
as anthelmintics, anthelminthics, antihelmintics, and 
antihelminthics. 

MEDICALLY IMPORTANT ARTHROPODS 

There are many classes of arthropods, but only three 
are studied in a parasitology course: imeas (class In
secta), anubnids (class Arachnida), and certain crumueans 
(class Crustacea). The insects studied include lice, fleas, 
flies, mosquitoes, and reduviid bugs. Arachnids include 
mites and ticks. Crustaceans include crabs, crayfish, 
and certain Cyclops species. Arthropods may be involved 
in human diseases in any of four ways, as shown in 
Table21-6. 
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Anatomic Location 

Skin 

Muscle and subcutaneous 
tissues 

Eyes 

Respiratory system 
Gastrointestinal tract 

Circulatory system 

Central nervous system 

Helminth Dieeaee 

Onchocerciasis (also known as 
"river blindness") 

Trlchlnellosls 
Dracunculiasis 
Onchocerciasis 

Loiasis 
Paragonimiasis 
Ascariasis infection (see 

Fig. 21-10) 
Hookworm infection 
Pinworm infection (enterobiasisr 

(see Fig. 21-11) 
Whipworm infection (bichuriasis) 
Strongyloidiasis 
Beef tapeworm infection 
Dog tapeworm infection 
Dwarf tapeworm infection 
Fish tapeworm infection 
Pork tapeworm infection 
Rat tapeworm infection 
Fasciolopsiasis 
Fascioliasis 
Clonorchiasis 

Filariasis (see Fig. 21-12) 

Schistosomiasis (also known 88 

bilharzia) (see Fig. 21-13) 
Cysticercosis 

Hydatid cyst disease 

Helminth That Caueea the Diaeaae 

Onchocerca volvulus (N); mlcrofllartae {lfny prelarvalstages of 
these helminths) are found in the akin 

Trlchtnelfa splralfs (N) 
Dracunculus met:Jinensls (N); also known 88 the guinea worm 
Onchocerca volvulus (N); microfilariae enter the eyes, causing 

an intense inflammatory reaction 
LDa loa (N); also known as the African eyeworm 
PS!agonimus westermani (1); the lung fluke 
Ascaris lumbricoides (N); the large intestinal roundworm of 

humans 
Ancylostoma duodensle (N) or Necator smericanus (N) 
Enterobius vennicularis (N) 

Trichuris trichiura (N) 
Strongyloides stercoralis (N) 
Taenia saginats (C) 
Dipylidium caninum (C) 
Hymenolepis nana (C) 
Diphyllobothrium tatum (C) 
Taenia sofium (C) 
Hymenolepis diminuta (C) 
Fasclotopslt$ busld (1); an Intestinal fluke 
Fasciola hepatica (1); a liver fluke 
Clonorchis sinensis (1); also known as the Chinese or Orien

tal liver fluke 
Wuchererla bsncroftl (N) and Brugfa malayf (N); mlcrofllartae 

of these helminths are found in the bloodstream 
Trematodes in the genus Schistosoma 

Cysts ~he larval stage) of the pork tapeworm (Taenia solium) 
are found in the brain 

Echinococcus granulosus (C) or Echinococcus multilocularis 
(C); in addition to the brain, hydatid cysts ~he larval fcnn 
of these helminths) can form in many other locations in 
the body 

•Enterobiasis (plnwonn Infection) Is the most common nematode Infection In the United Statas. 
C, cestode; N, nematode; T, trematode. 

HISTORICAL 
NOTE 
The Mosquito-A Persistent and 
Deadly Foe 

"No animal on earth has touched so directly 
and profoundly the lives of so many human 

beings. For all of history, and all over the 
globe, she has been a nuisance, a pain, 
and an angel of death. The mosquito has 
killed great leaders, decimated annies, and 

decided 1he fate of nations. All this, and she 
is roughly the size and weight of a grape seed." (see 
Fig. 21-14) (From the Spielman A. 0' Antonio M. Pref
ace to Mosquito: A Natural Histoly of Our Most Per
sistent and Deadly Foe. New York. N¥. Hyperion: 2001.) 

Arthropods may serve as mechanical or biologic vectors 
in the transmission of certain infectious diseases. Mechanical 
vectors merely pick up the parasite at point A and drop 
it off at point Bs similar to an overnight delivery service. 
For example, a housefly could pick. up parasite cysts on 
the sticky hairs of its legs while walking around on animal 
feces in a meadow. The fly might then come through an 
open kitchen window and drop off the parasite cysts while 
walking on a pie cooling on the counter. A biologic vector, 
on the other hand, is an arthropod in whose body the 
pathogen multiplies or matures (or both). Many arthropod 
vectors ofhwnan diseases are biologic vectors. A particular 
arthropod may serve as both a host and a biologic vector. 
Refer back to Table 11-3 for a list of arthropods that serve 
as vectors of human infectious diseases. A female Aedes 
aegypti mosquito obtaining a blood meal is shown in Figure 
21-14. Several other arthropods that serve as vectors of 
human diseases are shown in. Figure 21-15. 



Figure 21-10. AdultAscaria lumbricoides wonns. This CDC 
technician is holding Ascaris wonns that had been passed with 
the fe<:es of a 5-year-old child In Kenya, Africa. Adult female 
worms may reach 20 to 35 em In length, whereas adult male 
worms al'Q usually 15 to 31 em In length. (Provided by Henry 
Bishop, James Gathany, and the CDC.) 

Figure 21-11. Pinworms, having migrated from the colon, 
are seen here on the perianal skin of a 5-ye~J~oold child. 
Each female worm. measuring approximately 8 to 13 by 0.3 to 
0.5 mm, may deposit as many as 10,000 or more eggs on the 
perianal and perineal skin. See for additional information. (From 
Harvey RA, et al. lippincott's Illustrated Reviews: Microbiology. 
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013.) 
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Figure 21-12. Elephantiasis of the legs, resulting from 
filariasis. In filariasis, long, thl'Qadlike adult worms live in 
lymph nodes, where they block the flow of lymph. Chronic 
filariasis leads to enlargement of legs, breasts, and genitalia-a 
condition known as elephantiasis. (Provided by the CDC.) 

Figure 21-13. Young Puerto Rican boy with a swollen 
abdomen due to echl81osomlaele. Chronic Inflammation In 
the patient's liver has led to scarification, which has caused 
obstructed blood flow through that organ. This, In turn, has 
led to a condition known as ascites (a buildup of fluid in the 
abdominal cavity). (Provided by the CDC.) 

Fltu,. 21-14. An Aedes aegyptl moequlto taking a blood 
meal. This species of mosquito is capable of transmitting a 
variety of viral diseases, including chikungunya, dengue fever, 
yellow fever, and Zika virus disease. 
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~e of Involvement 

The arthropod may actually be the cause 
of the dis9886. 

The arthropod may serve as the 
intarmediate host in the life cycle of a 
parasite. 

The arthropod may serve as the definitive 
host in the life cycle of a parasite. 

The arthropod may serve as a \lector 
In the transmission of an Infectious 
disease. 

The arthropod may stimulate an allergic 
reaction. 

Example(s) 

Scabies, a disease In which microscopic mites live In subcutaneous tunnels and 
cause intense itching. 

Flee In the life cycle of the dog tapeworm. Beetle In the life cycle of the rat tap• 
wonn. Cyclops sp. in the life cycle of the fish tapewonn. Tsetse fly in the life cycle 
of African trypanosomiasis. Simulium black fly in the life cycle of onchocerciasis. 
Mosquito in the life cycle of filariasis. 

Female Anopheles mosquitoes are considered to be definitive hosts in the life cy
cle of malarial parasites because the sexual phase of the life cycle occurs in the 
mosquito. 

Oriental rat flea In the transmission of plague. llck In the transmission of spotted fe
ver rickettsiosis and Lyme disease. Louse In the transmission of epidemic typhus. 

The bite of Amblyomma amel'fcanum {the Lone Star tick) has been associated with 
anaphylactic and hypersensitivity reactions to mammalian meat consumption 
(called the Alpha-gal syndrome). It Is currently thought that molecules In the sa
liva of the tick cause antibodies to form against alpha-galactose. A few hours 
after ingestion of red meat, which contains alpha-gal, a hypersensitivity reaction 
can occur. This syndrome is being observed with greater frequency in areas of 
the United States that are endemic for the Lone Star tick (Southeastern United 
States). Other tick genera have been associated with the Alpha-gal syndrome in 
other areas of the world. 

'-----------------------------------------------------------------------------------------------------------------------------------------------------------------·/ 

c D 
Figure 21-16. Arllaopod ~and vectora of human Infectious dlllea8el!l. A. Dermaoentor 
andersoni, the wood ticfc; one of the tick vectors of spotted fever rickettsiosis (formerly called Rocky 
Mountain spotted fever). B. Xenopsylla cheopis, the oriental rat flea; the vector of plague and endemic 
typhus. Arttlrcpod ectoparasites and vectors of human infectious diseases. C. PediCUlus humanus, the human 
body louse: a vector of epidemic typhus. D. Phth/rus pubis, the pubic louse; because of Its appearance, It Is 
also known as the aab louse. (From Wlnn WC Jr; et al. Koneman~ Color Atlas and Texfbook cf fJ/e;gnos1lc 
Microbiology. 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2008.) 



ON PPoint 
• Terms Introduced in This Chapter 
• Review of Key Points 
• A Closer Look at Helminth Infections 
• Increase Your Knowledge 
• Critical Thinking 
• Additional Self-Assessment Exercises 

Self-Assessment 
Exercises 

After studying this chapter, 
answer the following 
multiple-choice questions. 

Humans develop malaria after the injection of 
Plasmodium into the t>loodstrE8n by 
an infected female Anopheles mosquito when she 
takes a blood meal. 
a. male and female gametocytes 
b. schizonts 
c. sporozoites 
d. trophozoites 

2. These Plasmodium life cycle stages must be 
ingested by a female Anopheles mosquito tor the 
Plasmodium ife cycle to continue in the mosqtito. 
a. male and female gametocytes 
b. schizonts 
c. sporozoites 
d. trophozoites 

3. Which of the following protozoal diseases is not 
t111nsmitted via an arthropod vector? 
a. African trypanosomiasis 
b. American trypanosomiasis 
c. babesiosis 
d. giardiasis 

4. Which of the following protozoal diseases is least 
likely to be transmitted via blood transfusion? 
a. American trypanosomiasis 
b. babesiosis 
c. malaria 
d. trichomoniasis 
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5. Which of the following protozoal diseases is least 
likely to be transmitted via an infected food handler 
who fails to wash his or her hands after using the 
bathroom? 
a. amebiasis 
b. cryptosporidiosls 
c. giardiasis 
d. toxoplasmosis 

8. You are visiting a friend whose parents raise pigs. 
Which of the following diseases ere you most likely 
to acquire by drinking well water at their farm? 
a. amebiasis 
b. balantidiasis 
c. cryptosporidiosis 
d. giardiasis 

7. You are working on a cattle ranch. Which of the 
following diseases are you most apt to acquire as 
you perform your duties at the ranch? 
a. amebiasis 
b. balantidiasis 
c. cryptosporidiosis 
d. giardiasis 

8. Which of the following protozoal diseases are you 
most likely to acquire by eating a rare hamburger? 
a. amebiasis 
b. balantidiasis 
c. giardiasis 
d. toxoplasmosis 

9. Which of the following associations is incorrect? 
a. African trypanosomiasis and tsetse fly 
b. amebiasis and fecally contaminated water 
c. Chagas disease and mosquito 
d. toxoplasmosis and cats 

10. Which of the following Is an example of an 
infectious disease that Is caused by a facultative 
parasite? 
a. African trypanosomiasis 
b. giardiasis 
c. malaria 
d. PAM 
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Case 1. A 20-year-old male soldier, who has just recently returned from duty in 
Panama, is admitted to a military hospital because of recurrent bouts of fever and 
shaking chills, headaches, muscle aches, and malaise. A physical examination reveals 
that the patient has splenomegaly (an enlarged spleen).A blood specimen is sent 

to the parasitology laboratory. A Giemsa-stained peripheral blood smear 
reveals the presence of intraerythrocytic parasites. 

A. Which one of the following pathogens do you suspect is 
causing this patient's disease? 
1. Ehrlichill 
2. PlasmodirJtm 
3. Toxoplasma 
4. T. cruzi 

Case 2. A 19-year-old pregnant woman is visiting the clinic 
for a routine prenatal examination. Included in the advice that 

she is given are the following statements: (1) "Wash your hands 
thoroughly after handling raw meat." (2) "Never eat raw or rare meat." 

(3) "If you have a cat, wear latex gloves when changing the kitty litter, and 
wash your hands thoroughly afterward. Better yet, have someone else change 

the kitty litter." (4) "Avoid contact with sand in sandboxes." 

A. All of these precautions are necessary to avoid .infe<:tion with: 

1. Baltmtidium coli 
2. C. paroum 
3. T.gvndii 
4. T. vaginalis 

Case 3.A 24-year-old man visits the clinic complaining of persistent diarrhea, crampy 
abdominal pain, and foul-smelling flatulence. He has not had any fever or chills, but 
often feels nauseous after a meal. He states that the diarrhea has lasted for more than 
2 weeks, and started about a week. to 10 days after he returned from a backpacking trip 
high in the Colorado Rockies. When asked whether he drank any stream or lake water 
on the trip, he replies, "Sure, all the time! That water sure is pure!" Perhaps the water 
is not as pure as he thinks! The laboratory reports the presence of trophozoites and 
cysts of a flagellated protozoan in his stool specimens. 

A. Which one of the following parasites, all of which cause diarrheal illness, do you 
suspect? 
1. B. coli 
2. C.parvum 
3. Ent.t~moeba histolytietJ 
4. Giardia lmnlitill 

Case 4. A 26-year-old woman visits a public health clinic, concerned that she might have 
contracted some type of sexually transmitted disease. She states that she has experienced 
a greenish-yellow, frothy vaginal discharge and mild pain in her genital area. Physical 
examination reveals inflamed and swollen labia. Specimens of the discharge material 
are sent to the laboratory for a wet mount examination and culture and sensitivity. The 
wet mount examination reveals the presence of actively moving flagellated protozoa. 



A. Which one of the following pathogens is causing her vaginitis? 
1. Ch~Mwjdill tnltbOMIII:is 
2. Neisserill gtmM"'''boe.t 
3. Tnpone~U jHillidum 
4. T. wginalis 

Case 5. A 53 -year-old man is admitted to the hospital with severe dysentery. Other 
symptoms that he reports include nausea, vomiting, anorexia, headache, insomnia, muscle 
weakness, and weight loss. The patient states that he is a farmer, and that his illness has 
made it impossible for him to care for his crops and animals. He also mentions that 
most of his pigs are experiencing a diarrheal illness. Examination of a trichrome-stained 
stool specimen reveals the presence of trophozoites and cysts of a ciliated protozoan. 

A. Which one of the following parasites, all of which cause diarrheal illness, do you 
suspect? 
1. B. coli 
2. c. /JIWVfRI' 
3. E. histolytiCII 
4. G./4mblill 

(Answers to Case Studies can be found in Appendix B.) 
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APPENDIX 

Answers to Self-Assessment 
Exercises 
Chapter 1 3. a 7. d Chapter 11 

1. a 
4. c 8. b 

1. b 5. a 9. c 
2. b 6. b 10. a 2. d 
3. d 7. c 3. a 
4. c 8. a Chapter a 4. d 
5. b 9. d 5. a 
6. b 10. a 1. b 6. b 
7. d 2. b 7. a 
8. b 

ChapterS 3. b 8. c 
9. b 4. d 9. c 

10. b 1. d 5. c 10. d 
2. d 6. c 

Chapter 2 3. b 7. a Chapter 12 
1. d 

4. c 8. d 
1. a 5. d 9. b 

2. b 6. c 10. a 2. d 
3. a 7. d 3. b 
4. d 8. a Chapter a 4. b 
5. d 9. d 5. b 
6. b 10. d 1. c 6. b 
7. a 2. d 7. a 
8. d 

Chapter& 3. b 8. d 
9. b 4. d 9. a 

10. b 1. a 5. b 10. d 
2. a 6. c 

Chapter3 3. c 7. a Chapter 13 
1. c 

4. a 8. b 
1. d 5. a 9. b 

2. b 6. d 10. c 2. c 
3. b 7. d 3. c 
4. c 8. d Chapter 10 

4. d 
5. c 9. d 5. c 
6. c 10. c 1. d 6. c 
7. b 2. a 7. c 
8. c 

Chapter7 3. d 8. d 
9. a 4. a 9. d 

10. c 1. c 5. a 10. d 
2. a 6. b 

Chapter4 3. d 7. c Chapter 14 
1. d 

4. a 8. a 
1. d 5. c 9. d 

2. a 6. d 10. c 2. a 
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3. d 3. c 3. d 3. d 
4. b 4. c 4. a 4. c 
5. c 5. c 5. b S. a 
6. b 6. d 6. a 6. d 
7. c 7. b 7. b 7. a 
8. b 8. d 8. a 8. d 
9. a 9. d 9. c 9. c 

10. d 10. c 10. a 10. b 

Chapter 15 Chapter 17 Chapter 19 Chapter 21 

1. b 
1. a 1. b 1. c 

2. a 
2. b 2. d 2. a 

3. d 
3. d 3. b 3. d 

4. d 
4. c 4. d 4. d 

5. d 5. a 5. d s. d 

6. a 6. b 6. b 6. b 

7. d 7. a 7. b 7. c 

8. d 8. a 8. a 8. d 

9. a 9. a 9. b 9. c 

10. c 
10. a 10. d 10. d 

Chapter 18 Chapter 18 Chapter 20 

1. a 1. c 1. b 

2. c 2. a 2. b 



APPENDIX 

Answers to the Case Studies 

Chapter 18 
Case1 

A. The fact that the rash occurred in June caused the 
clinician to think of spotted fever rickettsiosis, which 
is transmitted by ticks. In many areas of the country, 
ticks are quite active in June. 

B. Measles 
C. Rubeola virus (measles virus) 
D. Koplik: spots; in the setting of a compatible febrile 

illness with rash, Koplilc spot3 are very good evidence 
of measles. 

E. An immunodi.agnostic procedure to detect anti
rubeola virus antibodies; viral culture could also be 
used, but it is a more expensive procedure 

Case2 

A. (4) Human papillomavirus 
B. (3) Cervical cancer 

Case3 

A. (2) Varicella-zoster virus (the patient is experiencing 
shingles) 

B. (S) Chickenpox 

Chapter 19 
Case1 

A. (2) Erchericbia coli 

Case2 

A. (S) Strtptococr:us JIJogmes (Group A strep) 

Case3 

A. (3) Erchericbia coli 0157:H7 

Case4 

A. (2) Neisseria meningitidis 

Cases 

A. (4) StrtptococCfiS pneutnumiu 

Chapter20 
Case1 

A. (1) Cryptocoa:usneofomumr; the other pathogens listed 
are as much as 20 pm in diameter 

B. An India ink preparation, Gram stain, or antigen de
tection assay. 

C. The India ink preparation would reveal encapsulated 
yeast cells, some of which would be in the process 
of budding; the capsules would appear as clear ha
los around the yeast particles, against the dark back
ground of India ink particles. 

D. Yes, although pulmonary cryptococcosis can occur 
in immunocompetent people, it occurs primarily in 
people who are immunosuppressed; lymphomas are 
accompanied by defects in cell-mediated immunity. 

Case2 

A. (3) Thrush 
B. (4) Ctmdiaa lllbicans 

Case3 

A. (2) Histoplasmosis 
B. (3) Nonencapsulated, budding yeasts 

Chapter 21 
Case1 

A. (2) Plasmodium 

Case2 

A. (3) Toxoplamza gtmdii 

Case3 

A. (4) Giardia 1111nblia 

Case4 

A. (4) Trichomonas vagi'lllllis 

Cases 

A. (1) Balantidium coli 
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APPENDIX 

Useful Conversions 

Length Conversions 
To convert inches into centimeters, multiply by 2.54. 
To convert centimeters into inches, multiply by 0.39. 
To convert yards into meters, multiply by 0.91. 
To convert meters into yards, multiply by 1.09. 
1 mile (mi) = 1.609 kilometers 
1 yard (yd) = 0.914 meter 
1 foot (ft) = 30.48 centimeters 
1 inch (in) = 2.54 centimeters 
1 kilometer (km) = 0.62 mile 
1 meter (m) = 39.37 inches 
1 centimeter (em) = 0.39 inch 
1 millimeter (mm) = 0.039 inch 

Note: Information about micrometers and nanometers 
can be found in Figure 2-1 in Chapter 2. 

Volume Conversions 
To convert gallons into liters, multiply by 3.78. 
To convert liters into gallons, multiply by 0.26. 
To convert fluid ounces into milliliters, multiply by 29.6. 
To convert milliliters into fluid ounces, multiply by 0.034. 
1 gallon (gal)= 3.785liters 
1 quart (qt) = 0.946liter 
1 pint (pt) = 0.473 liter 
1 fluid ounce (fl oz) = 29.573 milliliters 
!liter (L) = 1.057 quarts 
1 mllliliter (m.L) = 0.0338 fluid ounce 
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Weight Conversions 
To convert ounces into grams, multiply by 28.4. 
To convert grams into ounces, multiply by 0.03 5. 
To convert pounds into kilograms, multiply by 0.45. 
To convert kilograms into pounds, multiply by 2.2. 
1 pound (lb) = 0.454 kilogram 
1 ounce (oz) = 28.35 grams 
1 kilogram (kg) = 2.2 pounds 
1 gram (g)= 0.035 ounce 
1 gram= 1,000 milligrams (mg) 
1 gram= 1,000,000 micrograms (p.g) 

Temperature Conversions 
To convert Celsius eq into Fahrenheit eF), use 
°F = ec x t.s)+ 32. 
To convert Fahrenheit eF) into Celsius eC), use 
°C = (°F- 32) X 0.556. 



APPENDIX 

Greek Alphabet 

GREEK LETTER 

Upperca• Lowerca. Name Pronunciation 

A <l Alpha al-fah 

B ~ Beta bay-tah 

r y Gamma gam-ah 

ll li Delta del-tah 

E £ Epsilon ep-si-lon 

z ~ Zeta zay-tah 

H '1'1 Eta ay-tah 

e e Theta thay-tah 

I l Iota eye-o-tah 

K 1C Kappa cap-ah 

A A Lambda lamb-dah 

M IJ Mu mew 

N v Nu new 

s t; Xi zzEye 

0 0 Omicron om-ah-cron 

rr n PI pie 
p p Rho row 

:t 0 Sigma sig-ma 

T 1' Tau tawh 
y u Upsilon oop-sl-lon 

<I> .p Phi flgh or fie 

X X Chi kigh 

'!' 1jl' Psi sigh 

n (I) Omega o-may-gah 
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GLOSSARY 

A 
Abiogenesis (ab' -ee-oh-jen-uh-sU). The theory that life can~ 

from nonliving matter; also known as sponW'l.eouS genenllon 
(Chap. I). 

Acellular Microbe. A microbe that is not composed of cells (e.g., 
viruses, prions, and viroids) (Chap. 1). 

Acid-Fast St:lin. A differential staining procedure that differentiates 
acid-fast bacteria from non-acid-fast bacteria; primarily used in 
the presumptive diagnosis of tubercul.osis (Chap. 4). 

Acidophile (uh-sid•-oh-fil.e). An organism that prefers acidic 
environments; such an organism is nid to be llddopbilic (Chap. 8). 

Ac:qaiJ.1:d Immunity. Immunity or resistance acquired at some point 
in an individual~ lifetime (Chap. 16). 

Acquired Immunodeficiency Syndroau: (AIDS). A disease char
acterized by a variety of opportunistic in!cctions and malignancies; 
caused by human immunodeficiency virus (HIV) (Chap. 18). 

Acquired Re.siatan.c:e. When bacteria become resistant to a drug 
tlut they were once susceptible to (Chap. 9). 

.Active Aa[aired Immunity. Immunity or resistance acquired as a 
result of the active production of antibodies (Chap. 16). 

Active Carrier. A per80.1l who has recovered from an infectious 
disease but continues to harbor and transmit the causative agent 
of that disease (Chap. 11 ). 

Arute Coryza (lmh-rye•-zuh). A synonym for the common cold 
(Chap.l8). 

Arute I>i.scue. A disease having a sudden onset and short duration 
(Chap.l4). 

Adenosine niphosphate (uh-de:a!-oh-seen try-to.•-fate). The 
major energy-carrying (energy-storing) molecule in a cell (Chap. 7). 

Adhesins (ad-hee•-zinz). Molecules on the surf.ace of a pathogen that 
enable the pathogen to recognize and bind to a particular receptor 
on the sur&.cc of a host cell; also .known as/igtmds (Chap. 14). 

Aerial Hyphae (bigh'-fee). Mycelial hyphae e.ztending ~bov:e 
the surface (of the soil, agar, skin, or wherever the mycelium lS 

growing); where spores are produced; also called ~ 
hypbM (Chap. S). 

Aerotolerant Anaerobe (ais--oh-tol'-er-ant an!-ais--obe). An 
organism that can live in the presence ~oxygen but ~o~ best 
in an anaerobic environment (an e.nVli'Onment cont::ai.nmg no 
oxygen) (Chap. 4). 

Agammaglolmlinemia (ay·gam!-uh-glob•-yu-luh-nee•-me-uh). The 
absence of, or ezttem.ely low levels of, the gamma fraction of serum 
globulin; the absence of immunoglobulins in the bloodstream 
(Chap.l6). 

AIDS. Sec «pired ~r:t syndrvme. 
Airborne IDfection Isolation Room (AIIR). A horpital room for 

placement for patients who require Airborne Precautions; A1IRs 
are under negative pressure, and air that is evacuated from these 
rooms passes through high-efficiency particulate air (HEPA) 
filters (Ch.ap. 12). 
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Airborne Precautions. Standardized safety precautions that are 
practiced in a health care setting to prevent infections transmitted 
by the airborne route (Chap. 12). 

Algae (al'-gee), sing. alga. Euk:aryotic, photosynthetic organUms 
tlut range in size from unicellular to multicellular; includes many 
seaweeds (Ch.ap. S). 

Algicidal (al'-jub.-side-ul) Agent. A disinfectant or chemical that 
specittcally kills algae (Chap. 8). 

Alblfphile (al! -kuh-lub.-file). An organiml. that prefers alblinc (basic) 
environments; such an organism is said to be ltlhtlipbilic (Chap. 8). 

Allergen (al'-ur-jin). An antigen to which some people become 
allergic (Chap. 16). 

Ameba (nh-me'-bah), pl. amebae. A type of pro~ tha~ mo.ves 
by means of pseudopodia; in the phylum Sarcodina (which IS a 
subphylum in some classification schemes) (Chap. S). 

Ames Test. A method of testing compounds to determine whether 
thc:y are mumgenic (i.e., to see whether they cause mumtions in 
bacteria); uses a mutant sttain of Slllnumelltl (Chap. 7). 

Amino (uh-me'-no) Acids. The basic units or building bloc:ks of 
proteins (Ch.ap. 6). 

Ammonification (uh-mon'-uh-fuh-by'-shun). Conversion of 
nitrogenous compounds (e.g., proteins) into ammonia (Chap. tO). 

Amphitrichous (am-fit'-ri-kus) Baeterium. A bacterium that 
possesses one or more flagella at each end (pole) of the cell (Clap. 3). 

Anabolic Reaetions. Metabolic reactions that require energy for 
the creation of chemical bonds; also known as bi0$JIItbetk n.11t:titms 
(Ch.ap.1). 

An.aboliam (uh-:aab'-oh-lizm). Term referring to all of the anabolic 
reactions tlut occur within a cell (Chap. 1). 

Anaerobe (an'-ail'-obe). An organism that does not require oxygen 
for survival; can exist in the absence of oxygen (Chap. 4). 

ADapbylactic (an-uh-fah-lak' -dc:k) Reactioas. Allergic rca~~ 
may be localized or sym:mic; also .known as type I bypmmsitivjty 
retlaiO'RS (Chap. 16). 

Anaphylactie (an-uh-tuh.-lak' -dck) Shock. Shock after anaphyluis1 
may lead to death (Chap. 16). 

~ (an-uh-fah-Lik.'-sis). An immediate, severe, sometimes 
fatal, systemic allergic reaction (Chap. 16). 

Anca:ygmicPhotosynthesis(an'·ox-uh-gen'-ik.foe-toe-sin'-th.uh
sis). A type of photosynthesis in which ox.ygen is not produced 
(Chap.4). 

Antagonism (an-tag'-olm-izm). Because the term relates to the 
use of drugs, the use of two drugs that work against each other. 
also sec mil:!llbW tmtllgrmism (Chap. 9). 

Andu:a:z. A bacterial disease caused by BlltiJJru 1111tlmtds, a spore-forming, 
Gram-positive bacillWJ (Chap.l9). 

Antibacterial Agentll. Technic:ally, any physi~al ~r c~emical 
agents that kill or inhibit the growth of bactena; m this bo~k, 
the term is reserved for drugs that are used to treat bactenal 
diseases (Chap. 9). 



Antibiogram (:m-u:e-IJt -oh-gnm). The pattern of susceptible (S) 
and resistant (R) results obtained when antimic::robw susceptibility 
msting is perfurmed on a panicular microorganism (Chap. 12). 

Anlibiotic (m'-t~:e-by-ot' -tik). A substance produced by a microorganism 
that kills or inhibi1s the growth of other microorganisms (Chap. 1). 

Antihiotic-Associatl:d Diarrhea. A diarrheal disease that follows 
antibiotic therapy; usU2lly caused by CIMtritlitm~ tliffidk, a 
spore-fonning, anaerobic, Gram-positive bacillus (Chap. 19). 

Antibody (:m'-tee-hod~). A glycoprotein produced by lymphocytes 
in response to an antigen; if it protects the host in some manner, 
it is referred to as a ptvttaive .tmtibotly (Chap. 15). 

Anticodon (:m-tee-kD'-don). A trinucleotide sequence that is 
complementary to a codon; found on a transfer RNA molecule 
(Chap.6). 

Antifungal Agenu. Technically, any physical or chemical agents 
that kill or inhibit the growth of fungi; in this book, the term is 
rescm::d for drugs that are used to treat fungal diseases (Chap. 9). 

Antigen (an'-tuh-jen). A substance, usually foreign, that stimulams 
the production of antibodies; an ..ma'body-gmerating subttance; 
also known as an illmlrm6gm (Chap. IS). 

Antige:D-Antl'body Complt:L The structure produced as a result of 
the binding of an antibody to an antigen; also known as an imtmmt 
miiJ11e:f (Chap. 16). 

Antigen-Presenting Cell (APC). A macrophage that is displaying 
antigenic determinants on its surface (Chap. 16). 

Antigenic (an-tuh-jen'-iclr.). If a molecule is antigenic, it stimulates 
the immune system to produce antibodies; such a molecule is also 
said to be ~gmie (Chap. 16). 

Aru:igenic: Determinant. The smallest part of an antigen capable of 
stimulating the production of antibodies; an antigenic molecule; 
also known as an tpitopt (Chap. 16). 

Antigenic Variation. The ability of a microorganism to change its 
surface antigens (Chap. 16). 

Antimicrobial (an' -tee-my-kro' -be-ul) Agents. Technically, 
any physical or chemical agents that kill or inhibit the growth of 
microorganisms; in this book, the term is resem:d for drugs that 
are used to treat infectious diseases (Chap. 9). 

AnrlprotozoalAgcnt:s. Technically, any physical or chemical agents 
that kill or inhibit the growth of protozoa; in this book, the term is 
reserved for drugs that are used to treat protozoel diaeasea (Chap. 9). 

Antiseprds (an-tee-tep' -sis). Prevention of infection by inhibiting 
the growth of pathogens (Chap. 8). 

ADtiseptic: (an-tee-sep'-tic:k). An agent or substance capable of 
effecting antisepsis; usually refers to a chemical disinfectant that 
is safe to use on skin and other living tissues (Chap. 8). 

Antiseptic'ledmique. Procedures followed to effect antisepsis; the 
use of antiseptics (Chap. 8). 

Antiserum (an-tee-see' -rum). A serum containing specific anti
bodies; also known as an immfme m'llm (Chap. 16) . 

.Antitnmu; (an-tee-tok'-sinz). Antibodies produced in response 
to a toxin; often capable of neutralizing the toxin that stimulated 
their prodllCtion (Chap. 16). 

Antiviral.\g1:nts. Technically. any physical or chemical agents that 
inactivate viruses; in this book, the term is reserved for drugs that 
are used to treat viral diseases (Chap. 9). 

Apoenzyme. A protein that cannot function as an enzyme (i.e., cannot 
at:Uyze a chemical reaction) until it attaches to a cofactor (Chap. 6). 

Arbovirus (are'-boh-vy'-ras). A virus that is transmitted by :m 
arthropod; an arthropod-borne virus (Chap.18). 

Arthropocl-Bome Virus. See ll'iiHruinu. 
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Artffi.c:ial .AdiR A£:,quired. ImmuDity. Active acquired immunity 
that is induced artificially (e.g., by injecting a vaccine into an 
individual) (Chap. 16). 

Ardficial Media. Culture media that are prepared in the laboratory; 
thc:y do not occur naturally; also known as IJ"1heticmdi, (Chap. 8). 

Ardfidal Passive .Acquired lmm•mity. Passive acquired immunity 
that is induced atti£icially (e.g., by injecting antibodies into an 
individual) (Chap. 16). 

Asepsis (a-aep'-Gs). Literally, •without infection"; a condition in 
which living pathogens are ab9e!lt (Chap. 8). 

Aseptate Hyphae. Fungal hyphae that do not contain septa 
(cross-walls) (Chap. S). 

Aseptic MeDiDgitis (ay-sep' -tick m.en-in-ji>-ti.s). A type of menin
gitis that is not caused by a pathogen or where the etiologic agent 
will not grow on standard bacteriologic culture media; often used 
as a synonym for viral meningitis (Chap. 11}. 

Aseptic (ay-sep'-tick)'n:dmiques. Measures taken to ensure that 
living pathogens are absent (Chap. 8). 

Ascmal Reproduc:ticm. A type of reproduction in which a single 
organism is the sole parent; it passes copies of its entire genome 
to its offspring (Chap. 3). 

Asymptomatic (ay' -simp-tow-mat' -id:) Disease. A disease having 
no symptoms; also refetted to as a S'Mbtlinicid disuse (Chap. 14). 

&ymptomatic Infection. The presence of a pathogen in or on the 
body, without any clinical symptoms of disease; also referred to as 
a~ infoaitm (Chap. 14). 

Atopic (ay-tope'-ick) Person. Allergic per80D; one who suffers 
from allergies (Chap. 16). 

Attenuuecl (uh-ten' ·yu-ay-ted). An adjective meaning weakened, 
less pathogenic; used to describe certain microorganisms (Chap. 16). 

Attenuated Vaccine. A vaccine prepared &om an attenuated micro
organism (Chap.16). 

Atte:nuation (uh-ten-yu-ay-'shun). The process by which micro
organisms are attenuated (Chap. 16). 

Autoclave (aw'-toe-ldav). An apparatus used for sterilization by 
steam under pressure (Chap. 8). 

Autogenous (aw-toj'-uh-nus) Vaccine. A v:accine prepared from mi
croorganisms or cells obtained &om the person's own body (Chap.16). 

Autoimmune (aw-toh-uh-m:yun') Disease. A disease in which the 
body produces antibodies directed againstits own tissues (Cbap.l6). 

Autolysis (aw-tol'-uh-sis). Autodigestion; self-digestion (Chap. 3). 

Autotroph (aw'-toe-trot). An organism that uses carbon dioxide 
as its sole carbon source (Chap. 1}. 

Avirulent (q-w:er -yu-lent) St:rains. Strains that are not virulent, 
not pathogenic, not apable of causing disease (Chap. 14). 

Anal Filaments. Flagella-like fibrils that enable spirochetes to move 
in a spiral, helical, or inchworm manner (Chap. 3). 

B 
B Cells (B Lymphocytes). The leuk.tlcytes that produce antibodies 

(Chap.16). 

BaciDus (bah-sil! -us), pl. baciDi. A rod-shaped bacterium; there 
is also a bacterial genus named Bllcillus, made up of aerobic, 
Gtam-pos:itive, !pore-forming bacilli (Chap. 2). 

Bacteremia (bak.-ter-ee• -me-uh). The presence of bacteria in the 
bloodstream (Chap. 13). 

Bacteria (bac:k-teer-ee-uh). Microorganisms in the Domain 
Bttanill (Chap. 3). 
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Bacterial Vaginosis (BV). A vaginal infection caused by a variety of 
bacteria; an cnmple of a~ info:tUm (Chap. 11). 

Bactericidal (bak-tear'-eh-sigh.t-dull) Agent. A chemical agent 
or drug that kills bacteria; a b~~Ctn"ieidt (Chap. 8). 

Bacterioc:ins (bak-teer'-ee-oh-sinz). Proteins produced by certain 
bacteria (those possessing bacteriocinogenic plasmicls) that can kill 
other bacteria (Chap. 10). 

Bacteriologist (back' -tieM!e-ol' -oh-jist). One who specializes in 
the science of bacteriology (Chap. 1). 

Bacteriology (back'-tiel.'-ee-ol'-oh-gee). The study of bacteria 
(Ciup.l). 

Bacteriophage (buk-tier'·ee·oh-&j). A virus that in~ a bac
terium; also known simply as a ph11p (Chap. 4). 

Bacteriostatic (bak-tl:al" -ec-oh-stat' -ic:k) Agent. A chemical agent 
or drug that inhibits the growth of bacteria (Chap. 8). 

Bacteriuria (bak-u:r-ee' -yu.' -ree-uh). The presence of bacteria 
in the urine (Chap. 13). 

Barometric Pressure. The pressure of the atmosphere as indicated 
by an instrument called a barometer (Chap. 8). 

Bartholinitis (bar-toe-lin-eye' -tis). Inflammation of the Bartholin 
gland in women (Chap. 11). 

Basophil (bay'~fil). A type of granulocyte found in blood; it$ 
granules contain acidic substances (e.g., histamine) that attract 
basic dyes (Chap. 15). 

Beneficial Mutation. A mutation that is of benefit to the mutant 
organism (Chap. 1). 

Binary (by' -nare-ee) FIJSion. A method of reproduction whereby 
one cell divides to become two cells; the method by which bacteria 
reproduce (Chap. 3). 

Biochemistry (by-oh-kem'-is·tree). The chemistry of living 
organisms; the chemistry of life (Chap. 6). 

Bioc:idal (by-o-sigh' -dull) Agent. A chemical agent that destroys 
living organisms, e.tpecially microorganisms (Chap. 8). 

Biofilms. Complex and persistent communities of assom:d micro
orgauisms (Chap. 10). 

Biogenesis (by-oh-gen'-uh-sis). The theory that life originates 
only from preexisting life and never from nonliving matter 
(Chap.l). 

Biologic Catalym. Enzymes; biologic molecales that catalyze 
chemical reactions (Chap. 6). 

Biologic Vector. An arthropod vector (such as a flea or tick) within 
which a pathogen multiplies or matures (Chap. 21). 

Biologic Warfare (BW) Agents. PathogeDS used as weapons in 
warfare (Chap. 11). 

Biology. The study of living organisms; the study of life (Chap. 1). 

Biomasa. The total mass or number oflivingorganismsina particular 
area or volume (Chap. 1). 

Bion:m.ediation (by"-oh-mh-meed'-ee-a-shun). The use of 
microorganisms to clean up industrial and tm:ic wastes (Chap. 1). 

Biotechnology (by-oh-tek-nol'-oh-gee). The use of living 
orgmisms or their derivatives to make or modify products or 
processes (Chap. 1). 

Biotcrrorist.Agcnts. Pathogens nsed by terrorists (Chap.ll). 
Biotberapeutic (by'-oh-1hel'-uh-pu'-tik) Agen~. Microorgan

isms used for therapeutic purposes (to treat various diseases or 
conditions) (Chap. 10). 

Biotype. The pattern of positive and negative biochemical test 
results obtained when a particular microorganism is tested; in some 
biochemical test systems (e.g., minisystems), biotype refers to the 
specific code number generated by the test results (Chap. 12). 

Black Piedra (pee-a' -clruh). A hair infection caused by the mould 
Pitdrtna horttu (Chap. 20). 

Blocking Antibodies. Immunoglobulin G (lgG) antibodies produced 
by the body in response to allergy shots; they combine with allergens, 
thus preventing the allergens from attaching to IgE antibodies on 
the surface ofbuophils and mast cells (Chap.l6). 

Botalinal (bcn?-)'011-ly-Dal) Tadn. The ncurotolin produced by 
c~ iH1tM/imrm; causes botulism; known by various other 
names such as botulin and botulinum toxin (Chap. 14). 

Botalism. A neurologic disease caused by a neurotoxin (botulinal 
toxin) produced by C/4rtriditlm botlllinum, a spore-forming, anaer
obic, Gram-positive bacillus (Chap.l9). 

Brightfield Microscope. Another name for a compound light 
microscope; refers to the fact that objects are observed against a 
bright background (or bright field) (Chap. 2). 

Broad.Spectrum.Antibiotic:s. Antiruotia that are effective against a 
wide range of bacteria; they are effective against both Gram-positive 
and Gram-negative bacteria (Chap. 9). 

Bl'OIIlchitis (brong-ky' -tis). Inflammation of the mucous membrane 
lining of the bronchial tnbes (Chap. 11). 

Brondl.opneum.onia(brong'-ko-new-mow'-nee-uh). Combination 
ofbronchitis and pneumonia (Chap. 11). 

c 
Calibrated Loop. A bacteriologic loop manufactured to contain a 

precise volume of liquid (usually 0.01 or 0.001 mL) (Chap. 13). 
Candidiasis (kan-duh-ciy-uh-si.s). Infection with. or disease caused 

by, a yeast in the genus C.mt/i.dQ--usually CtlttuJiU albktms; also 
known as 1MISililuis (Chap. 10). 

Capnophile (cap'-no-file). An organism that grows best in the 
presence of increased concentrations of carbon dioxide; such an 
organism is said to be CIIJI'fWPhilic (Chap. 4). 

Capsid (kap'-syd). The external protein coat or covering of a 
virion (Chap. 4). 

Capsomere4 (bp' ·10-meers). The individual protein subunits that 
make up the capsid of some virions (Chap. 4). 

Capsule (bp'-sool). An organized layer of glycocalyx, 6rmly 
attached to the outer surface of a bacterial cell w:ill; some yeasts 
arc also cncaJllulatcd (Chap. 3). 

Carbohydrates (br-boh-high'~). Organic compounds 
containing carbon, hydrogen, and oxygen in a ratio of 1:2:1; also 
known as s~~ahllrit:les (Chap. 6). 

Carlnmdc (kar -buDg-kul). A deep-seated pyogenic (pus-producing) 
infection of the slrin, usually arising from a coalescence of furuncles 
(Chap.17). 

Carrier (keh'-ree-er). An individual having an uymptomatic 
infection that can be transmitted to other susceptible individuals 
(Chap.10). 

Catabolic (cat-uh-bohl'-ik) ReactionB. Metabolic reactions that 
involve the breaking of chemical bonds and the release of energy; 
also known as~ ~(Chap.1). 

Catabolism (kuh·tab' -oh-lizm). Urm referring to all the catabolic 
reactions that occur within a cell (Chap. 7}. 

Catalyst (kat' -uh.-list). A substance (usually an enzyme) that speeds 
up a chemical reaction but is not itJclf consumed or permanently 
changed in the process (Chap. 6). 

Catalyze (c:at!-uh-lyz). To act as a catalyst; to speed up a reaction 
(Chap.6). 

CeD (sell). The smallest Wlit of living sttw:ture capable of indepen
dent Clistence (Chap. 3). 



Cell-Mediated Immunity. A type of immunity involving many 
different cell types (e.g., maaophagcs and various types of lym
phocytes), but where antibodies play only a minor role, if any; also 
known as ifl.rlyed bypmmsitirJity (Chap. 16). 

Cc:D Mc:mbranc (sell mcm!-brain). The protoplasmic boundary of 
all cells; provides selective permeability and serves other import:mt 
functions (Chap. 3). 

Cell Tlu::ory. The theory suting that all living organisms are com
posed of cells (Chap. 3). 

Cell Wall The outermost layer of many types of cells (e.g., algal, 
bacterial, fungal, and plant cells); it serves to protect the cell 
(Chap. 3). 

Cellular Microbe. A microbe that is oomposed of cells (e.g., bacteria, 
algae, and protozoa) (Chap. 1). 

Cellulose (sell'-you-l01). A polysaccharide found in the cell walls 
of algae and plants (Chap. 3). 

Centimeter (.en'-tuh-me·ter). One hundredth of a meter (Chap. 2). 

Ceuttal Dogma. The Sow of genetic information within a cell; 
from DNA to an mRNA molecule to a protein molecule (Chap. 6). 

Cephalosporinase (sef' -uh-low-spore' -uh-u.ue). An enzyme that 
destroys the jS-lactam. ring in cephalosporin antibiotic:s; a type of 
~lactamase (Chap. 9). 

Cereb:rospinal (sir-ee'-broh-spy-md) Fluid (CSF). The fiuid 
within the spmal cord and the ventricles and cavities of the brain; 
also referred to simply as spf/1111 ft#id (Chap. 13). 

Cervicitis (sir-vah-sigh'-1is). Inflammation of the cervix (the part 
of the uterus that opens into the vagina) (Chap. 11). 

Cestodes (sess'-toadz). A subcategory of flatworms; includes 
tapeworms (Chap. 21). 

Chemically Defined Medium. Types of culture media where the 
e:ract chemical composition is known (Chap. 8). 

Chemoautotroph (keem'-oh-awe'-toe-trof). An organism that 
uses chemicals as an energy source and carbon dioxide as a cub on 
source; a type of autotroph (Chap. 1). 

Chemoheterotroph (kcem' -oh-het' -er-oh-trof). An organism 
that uses chemicals as an energy source and organic chemicals as 
a carbon source; a type of heterotroph (Chap. 7). 

Chemokines. Chemotactic agents produced by various types of 
cells in the body (Chap. 15). 

Chemolithotroph (keem' -oh-lith'-oh-trof). A type of chemotroph 
that uses inorganic compounds as a source of energy; also referred 
to as a /ithotnpb (Chap. 7). 

Chemoorganot:roph (keem'-oh-01"-gan'-oh-trof). A type of 
chemotroph that uses organic compounds as a source of energy; 
also referred to as an &rg111UJti'Oflb (Chap. 7). 

Chemorynthesi.s (keem'-oh·tyn'-dtuh...U). The process ofobwmng 
energy and synthesizing organic compounds from simple inorganic 
reactions; carried out by some chemoautotrophic bacteria (Chap. 7). 

Chemot:u:tic (k:um.'-oh-tack'-tick)Agenu. Chemical substances 
that attract leukocytes; also referred to as ehmi(Jt/Ktic fomwr, cht~M
tiKtit: suiJitll'llat, and ehtmDIIittt'llall (Chap. 15). 

Chemotaxis (keem'-oh-tad:.'-sis). The movement of cells in re
sponse to a chemical (e.g., the attraction of phagoc:ytes to an area 
of injury) (Chap. 15). 

Chemotherapeutic: (keem' -oh-thet'-uh-pyu' -tik) Agent. Any 
chemical U9ed to treat any disease or medical co.ndition (Chap. 9). 

Chemotherapy (keem'-oh-tb.er'-uh-pee). The treatment of a 
diJCase (including an infectious diJCase) using chemical substances 
or drugs (Chap. 9). 

Clu:mottoph. (keem' -oh-ttof). An organism that uses chemicals 
as an energy source (Chap. 7). 
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Chi11:angmly.a (chic:k-un-gun-yuh) Vmu. An RNA virus that is 
spread by mosquitoes; causes an infuction that affects the joints 
(Chap.l8). 

Chi1in (ky' -tin). A polYllaccharide found in fungal cell walls but not 
found in the cell walls of other microorganimls; also found in the 
emsk:eleton ofbcedes and crabs (Chap. 3). 

Chloroplast (klor' -oh-plast). A membrane-bound organelle found 
in the cytoplasm of algal and plant cells; a plmid that contains 
chlorophyll (Chap. 3). 

Cholera. A diarrheal disease caused by VIbrio dlolmu, a curved 
Gram-negative bacillU9 (Chap. 19). 

Choleragin (kol' -et'-uh-jen). The enterotoxin that causes cholera; 
produced by Vthrio eholmle (Chap. 19). 

Chromosomes (kro'-mow-soamz). Cellular structures where 
most (sometimes all) of the cells genes are located; eukaryotic 
chromosomes consist of linear double-stranded DNA molecules 
and proteins (histones and nonhistone proteins); a prolaryotic 
chromosome usually coD.J.ists of a single, long, supcrcoiled, circular, 
double-stranded DNA molecule (Chap. 3). 

Chronic: D:Utease. A disease having an imidious (slow) onset and a 
lo.ug duration (Chap.l4). 

Ciliates (s:il'-ee-itz), sing. c:iiiate. Ciliated protozoa (Chap. S). 

Cilium (sil' ~um), pl. cilia. A thin, usually short, hairlike organelle 
of motility (Chap. 3). 

Clean-catdl,.Mid.ttteam Urine (CCMS Urine). A urine specimen 
that has been collected in a manner that minimizes contamination 
with indigenous microfl.ora; the proper type of specimen for a 
urine culture (Chap. 13). 

CliDical Specimerur. Various types of specimens (e.g., blood, urine, 
and cerebrospinal fluid) collected from patients (Chap. 13). 

CliDically Releftllt Labor.atory Rcsalts. Laboratory results that 
provide the physician with useful, accurate information about a 
patient's disease (Chap. 13). 

Coagulase (ko-agt -yu-laa:). A bacterial enzyme that causes plasma 
to clot; converts fibrinogen (a plasma protein) to fibrin (Chap. 14). 

Coa:idioidomyoo (kok-sid-cc-oy' -doc-my-kd -sis). A systemic 
mycosis caused by Cotr:iJioUks immitir, a dimorphic fungus (Chap. 20). 

Coa:obadllus (kok'-ko-buh-sil'-us), pl. c:occobadW. A very 
short bacillus (Chap. 4). 

Coccus (kok:' -us), pl. c:ocd. A spherical bacterium (Chap. 2). 
Coclcm. (koh'-don). A sequence of three consea1tive nucleotides in 

a strand of mRNA that provides the genetic information (code) 
for a ceruin amino acid to be incorporated into a growing protein 
chain (Chap. 6). 

CoeMyme (koh' -en-%ytrl). A type of cofactor; several vitamins are 
coenzymes (Chap. 6). 

Co&c:tor (koh'-fak'-101'). An ion or a molecule essential for the 
enzymatic action of certain proteins (called apoenzymes) (Chap. 6). 

Colicin (kol' -uh-siD). A type of bacteriocin produced by Est:heridnll 
tt~li and other closely related bacteria (Chap. 10). 

Colifo:rms (ko'-lee-forms). Errhtridti.l eoli and other ~fermenting 
members of the family Enterobacteriaceae (Chap. 11). 

Colitis (ko-Jy' -til). Inflammation of the colon (the large intestine) 
(Chap.l7). 

Collagen (Jml'-luh-je:n). The major protein in the white fibers of 
connective tissue, cartilage, and bone (Chap.l4). 

Collagenase (kol' -uh-juh-nace). A bacterial enzyme that causes 
the breakdown of collagen (Chap. 14). 

CommenaHan (l:D-men'-sul-izm). A symbiotic relationship in which 
one party derives benefit and the other party is unaffected; many 
members of the indigenoU9 microflora are commensals (Chap.lO). 
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Communicable (kuh-myun•-uh-kuh-bul) Disease. A disease 
capable of being uansmittcd &om person to person (Chap. 11). 

Community-Acquired Infection. Any infection acquired outside 
a health care setting (Chap. 12). 

Competence (kom' -puh-tense). As used in this book. the ability 
of a bacterial cell to take up (absorb) free (nik:ed) DNA &om the 
environment; may lead to transformation (Chap. 7). 

Compc:tem: Baca:ria. Bactr::ria capable of taking up (absorbing) free 
(nabd) DNA from. the environment (Chap. 7). 

Complement (kom' -pluh-:ment). A protein complcJ: of 25 to 30 
components (including proteins designated Cl through C9) found 
in blood; involved in inflammation, chemotaxis, phagocytosis, and 
lysis of bacteria (Chap. 1 S). 

Complement Cascade. The stepwise manner in which proteins of 
the complement system (complement components) interact with 
each other (Chap. IS). 

Compte~: Media. Culture media, the exact chemical composition of 
which is unknown; often cont:ain ground-up aaimal organs (e.g., 
brain, heart, and liver) or yeast atract (Chap. 8). 

Compound Light.Mia:oscope. A compound microscope that uses 
visible light as its source of illumination (Chap. 2). 

Compound MiCI'OSCOpe. A microscope containing mo.re than one 
magnifying lens (Chap. 2). 

Conidium (ko-Did' ~-um), pL c::onidia. An ascrwd fungal spore 
(Cbap.S). 

Conjugate (bn'-ju-git) Vaccine. A vaccine prepared by .linldng 
a weakly antigenic molecale (e.g .• bacterial capsule material) to a 
powerful antigen (Chap. 16). 

Conjugation (bm-ju-py'-shun). As used in this book, the union 
of two bacterial cells for the purpose of genetic transfer; not a 
reproductive process (Chap. 3). 

Conjurl.c:tift (kon-junk-ty"vah). The mucous membrane that lines 
the eyelids and covers the anterior portion of the eyeball (Chap. 17). 

Conjunctivitis (kon-junk' -tah-vi' -tis). Inflammation of the con
junctiva (Chap. 17). 

Constitutive Genes. Genes that are expressed at all times (Chap. 6). 
Contact Precautions. Standardized safety precautions that are 

practiced in a health care setting to prevent infections transmitted 
by contact (Chap. 12). 

Contagious Disease. A disease easily uansmitted from one person 
to another; a type of communicable disease (Chap. 11). 

CoD1l1mination (hm-tam-uh-nay-shun). As 11Sed in this book. a am
clition indicating the presence of undesirable or aa:idenullyintrodaoed 
microorgani.mls (which would be referred to as~) (Chap. 8). 

Contrac:tile Vacaole. An organelle that pumps waa:r out of a pro
tozoal cell (Chap. S). 

CO!mllacent (kon-wh-less' -eat) Canier. A person who no longer 
shows the signs or symptoms of a particular infectio\18 disease but 
continues to harbor and transmit the causative agent during the 
convalescence period (Chap. 11). 

Cowlc:nt (koh-v.qi'-eat) Bond. A type of chemical bond in which 
two atoms share a pair of electrons (Chap. 6). 

Creruued (bee' -nay-ted). Wrinkled, shriveled (e.g., the appearance 
of e.rythrocytes placed into a hypertonic solution) (Chap. 8). 

Crenation (kree-nay' -shun). The process of becoming, or state of 
being, crenated (Chap. 8). 

Crypt.r:K:of.lcosis (krip'-toe-kok-oh'-ais). A fungal infection caused 
by Crypt«ott'US neo.formtms, an encapsulated yeast (Chap. 20). 

Cut:meousAD3phyluis. Swelling and redness at the site where an 
antigen is injected intradermally or subcutaneously; also known as 
a 'IIJbelll-flfllll-j/llrr '1't/ICtiqn (Chap. 16). 

Cy.mobacteria (sigh'-an-oh-bak-tier'-ee-uh). A group of 
photosynthetic bacteria (Chap. 4). 

Cyst. As the term applies to parasitology, the dormant, survival stage 
in a protozoan's life cycle; its tough wall enables the cyst to resi!t 
desiccation and temperature e.memes (Chap. 5). 

Cystitis (sis-ty'-ds). Inflammation or infection of the urinary 
bladder (Chap. 17). 

Cytokines (sigh'-toc-kynz). Soluble chemical messages released 
by cells of the body; the manner in which different types of cells 
communicate with each other; examples include lymphokinu 
(produced by lymphocytes) and ~(produced by mon~) 
(Chap.l6). 

Cytokinesis (sigh' -toe-kuh-lmee'-sis). Division of the cytoplasm, 
resulting in two daughter cells; follows mitosis (Chap. 3). 

Cytology (sigh-ml' -oh-gee). The study of cells (Chap. 3). 
Cytopla&m (sigh'-me-plazm). A type of protoplasm; lies outside 

the nucleus of a eubryotic cell (Chap. 3). 
Cytoskeleton. A system of fibers (microtubules, miaofil.aments, 

and intermediate filaments) running throughout the cytoplasm 
of c:ukaryotic cells (Chap. 3). 

Cytostome (sip.'-toe-stoam.). A primitive mouth possessed by 
some protozoa (Chap. 5). 

CytDtmiDB (sigb!-tuw-mk! -sinz). Tone subrtances that inhibit or 
destroy cells (Chap. 14). 

D 
Darkfield Microscope. A compound light microscope that has been 

fitted with a darkfield condenser; refers to the &ct that objects 
are observed against a dark background (or dark field) (Chap. 2). 

Death Phase. The part of a bacterial growth curve during which 
no multiplication occurs and organisms are dying; the fourth and 
final phase in a bacterial growth curve (Chap. 8). 

Decimeter (cles' -uh-me-ter). One tenth of a meter (Chap. 2). 

Decomposers. Microorganisms that decompose or break down 
substances (Chap.!). 

Decomposition. The brealang up or separation of something into 
basic components or parts (Chap. 1). 

Definitne Host. In a parasitic relationship, the host that harbors 
the adult or saual stage of a parasite, or the sexual phase of the 
parasite~ life cycle (Chap. 21). 

Dehydration Synthesis Reacti.on. An anabolic reaction in which 
two molecules are bonded together as a result of the loss of a water 
molecule; also called a tkbytlrolysis rtllttion (Chap. 6). 

Dehydrogenation (dee-by' -drah-jen-ay -shun) Rl::acti.ODS. Chem
ical reactions in which a pair of hydrogen atoms is removed from a 
compound, usually by the action of enzymes called tkbydl'ogmtUes 
(Chap. 7). 

Dc:layc:d-Type Hypersensitivity (DTII) Reactions. Hypersensi
tivity reactions that usually take mo.re than 24 hours to manifest 
themselves; also known as ~d immtlnem«titmsort;ype W 
hypmmsitivity rrlldW1u (Chap. 16). 

Dendritic (den-dri-tid:) CeDs. Large, phagocytic leuhx:ytes that 
resemble maaophages in morphology and function, but reside in 
tissues that are in contact with the external emrirorune.nt (Chap.18). 

Dengue (den-gee) Vmu. An RNA virus that is spread by mosquitoes; 
causes a wide range of clinical symptoms, ranging from nonspecific 
fever to severe hemorrhagic fever (Chap. 18). 

Denitrifying (dee'-ni-truh-fy-ing) Bacteria. Bacteria capable 
of converting nitrates into nitrogen gas; the process is known as 
~(Chap.lO). 



Dental Caries (kat -rcez). Tooth decay (Chap. 17). 
Deos..yribonudeic (dee-or -ee-ry' -bow-new-clay' -ick) Acid 

(DNA). A macromolecule containing the genetic code in the 
form of genes (Chap. 3). 

Dermatitis (deMDUh-ty'-tis). Inflammati0l1 of the skin (Chap.l7). 
Dermatophytes (der-mah' -toh-fytes). Fungi that cause supet:ficial 

mycoses of the skin, hair, and nails; the cause of tinea infections 
(ringworm infectiOllS) (Chap. 20). 

Dermis (der' -mis). The layer of skin cont:iiDiDg blood and lymphatic 
vessels, nerves and ttelVe endings, glands, and hair follicles (Chap.17). 

Desiccation (dc:s-uh-kay'-shun). The process of being desiccated 
(thoroughly dried) (Chap. 8). 

Dianhca (die-uh-ree'-uh). An abnormally frequent discharge of 
semisolid or Huid fi:cal matter (Chap. 17). 

Difl'ereatial (dif-er-en.'-slrul) Media. Culture media that enable 
microbiologists to readily differentiate one organism or group of 
organisms from another (Chap. 8). 

Differential SUiDing Procedures. Bacterial st2ining procedures 
that enable differentiation of two groups of bacteria (e.g., the 
Gram stain enables differentiation of Gram-positive bacteria from 
Gram-negative bacreria) (Chap. 4). 

Dimo:rphic (dy-more'-fik) Fuogus. A fungus that can e:rist as either 
a yeast or a mould (Chap. S). 

Dimmp~ (dy-more'-fizm). A phenomenon whereby an organism 
can enst m two shapes or forms (e.g., dimorphic fungi can exist as 
either yeasts or moulds) (Chap. S). 

Dipeptide (dy-pep' -tide). A protein consisting of two amino acids 
held together by a peptide bond (Chap. 6). 

Diphtheria. A bacterial disease caused by toxigenic (diphtheria 
toxin-producing) strains of CoryntbtKterium t!ipbthtriae, Gram
positive bacilli (Chap. 19). 

Diplobacilli (clip'-low-bah-siD'-eyw:). Bacilli arranged in pairs 
(Chap.4). 

Diploc:oc:ei (dip'-low-II.Dk'-sigh). Cocci arranged in pairs (Chap. 4). 
Diploid (dip'-loyd) CeDs. Eukaryotic cells cont:ainmgtwo sets of 

chromosomes (Chap. 3). 
Dilaa:baride (die-sack' -uh-ride). A carbohydrate consisting of two 

monosaccharides; examples include sucrose (table sugar), lactose 
(milk sugar), and maltose (malt sugar) (Chap. 6). 

D:isiDfcc:t:mt (dis-iD.-&:k:'-tent). A chemical agent used to destroy 
pathogens or illhibit their growth and vital activity; usually refers 
to a chemical agent used on nonliving materials (Chap. 8). 

DisiDfc:ctiaa. (dis-in-fek' -shun). The process of destroying pathogens 
and their tmins (Chap. 8). 

DNANudeotides. The building blocks ofDNA; each DNA nucle
otide consists of a nitrogenous base, deoxyribose, and a phosphate 
group (Chap. 6). 

DNA Polymerase (poh-lim.'-cr-ace). The most important enzyme 
required in DNA replication (Chap. 6). 

DNA Replication (rep-luh-kay'-shun). Production of two new 
DNA molecules (called tkmgbterfiiOkculu) from one parent DNA 
molecule (Chap. 6). 

DNA Vaccine. An e:a:perimental type of vaccine that stimulates host 
cells to produce numerous copies of a harmless microbial protein 
(antigen); the host's immune system then produces antibodies di
rected against the protein, and these antibodies protect the person 
from infection with the pathogen that posses9e8 the protein; also 
known as a gme vMcine (Chap. 16). 

DomaiD.Archaea. One of the domains in the Three-Domain System 
of Classificati0l1 of living organisms; members of this domain are 
prokaryotes; the other two donuins are Bat:teria andE'IICIII'J# (Chap. 3). 
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Domain Bacteria. One of the domains in the Three-Domain System 
of Classification of living organisms; members of this domain are 
probJ:yotes; the other two domains areArtbMII and E'IICII!f'Jtl (Chap. 3). 

Double Bcmd. A type of chemical bond, containing two pairs of 
shared electrons (Chap. 6). 

Droplet Prec:audoas. Standardized safety precautions that are 
practiced in a health care setting to prevent infections transmitted 
by droplets (Chap. 12). 

Drug-Binding Site. A specific molecule on the surfiu:e of a cell that 
a particular drug attaches to (Chap. 9). 

Dysbiollis (d:is-bye-oh-s:is). A disruption of the microbiome, leading 
to altered functi0J1 of organ symptoms (Chap. 1 0). 

Dysentery (dis' -en-tay-ree). Frequent watery stools, accompanied 
by abdominal pain, fever, and dehydration; the stool specimens 
may contain blood or mucus (Chap. 17). 

E 
Ebola (ee-bow'-luh) VU115. An especially luge virus that causes 

vinl hemorrhagic fever (Chap. 18). 

Emlogy (ee-Imi•-oh-jee). The branch of biology concerned with 
the total complex of intcTelationships among living organistD.S; 
encompassing the relationships of organisms to each other, to 
the environment, and to the entire energy balance within a given 
ecosystem (Chap. 1). 

Ec:osystem (ee'-koh-sis-tem). An ecologic system that includes 
all the organisms and the environment within which they occur 
natnrally (Chap. 7). 

Ec:toparu:ite (ek'-toh-par'-uh-site). A parasite that lives on the 
external surface of its host (Chap. 21). 

Eclema (uh-clee'-muh). Swelling caused by an accumulation of 
wateey fluid in cells, tissues, or body cavities; swollen areas are 
described as being edtm.tntnu (Chap. IS). 

Ehrlichiosis. A bactuial disease caused by EJwlidJill spp., Gram-negative 
bacilli that are obligate intracellular pathogens (Chap. 19). 

FlectroD. (ee-lek'-tron) Micrograph. Photograph taken through 
the lens system of an electron microscope (Chap. 2). 

ElectroD. Mic::rosc:ope. A type of microscope that uses electroll8 as 
a source of illuminati0l1 (Chap. 2). 

Electron Trauport Chain. A series of biochemical reactions by 
which energy is transferred in a stepwise manner; a major source 
of energy in some cells (Chap. 7). 

Empiric (em-peer' -uh.-bl) Therapy. 'Ifeatment or therapy that is 
initiated by a physician. (or other health care professional) before 
receipt of test results (Chap. 9). 

Empty Magnificatioa. Microscopy term. meaning an increase in 
magni6.cation without any concurrent increase in resolving power 
(Chap. 2). 

Encephalitis (en-sef-uh-ly'-tis). InBammati011 or infection of the 
brain (Chap. 13). 

Encephalomyelitis (c:n-sef-uh-Iow-m:y' -uh-ly' -1is). IntJammation 
or inkction of the brain and spinal cord (Chap. 17). 

Endemic (en-dem.'-ic:k) Disease. A disease that is always present 
in a community or geographic area (Chap. 11). 

Endemic 'Ifplrus. Synonym for ft.ea-bome typhus fever; caused 
by R.itltmsill typbi, a Gram-negative bacillus that is an obligate 
intracellular pathogen (Chap. 19). 

Endocarditis (en'-doh-kaNiy' -tis). Infiammation of the endocar
dium (the innermost lining of the heart) (Chap. 17). 

Endoenzyme (en'-doh-en.'-zym). An enzyme produced by a cell 
that remains within the cell; an intracellular enzyme (Chap. 7). 
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Endometritis (ea!-dough-me-try>-tis). Inflammation of the endo
mettium (the inner layer of the uterine wall) (Chap. 11). 

Endopar.asite (en-doh-par>-ub.-site). A parasite that lives within 
the body of its host (Chap. 21 ). 

Endoplasmic Reticulum (end-oh-plaz'-mick re-tick'--,uu-Jum) 
(ER). A network of membranous tnbules and flattened sacs in 
the cytoplasm of a eukaryotic cell; ER with attached ribosomes 
is called rt~~~gb ER (RER) or~ ER; ER having no att:lcb.ed 
ribosomes is called mmth ER (SER) (Chap. 3). 

Enclospore (en! -dough-spore). A drlck-w:illed, resistant body formed 
within a bacterial cell for the purpose of surviv:ll; a bacterial cell 
produces only one endospore, and from that endospore emerges 
(a process .known as gtrmiN#ion) one bacterial c:ell; also refem:d 
to as a biiCUriiiJsptm (Chap. 3). 

Endosymbicmt (er1' -doh-sym' -be-om). The party in a symbiotic 
relationship that lives within the body of the other symbiont 
(Chap.lO). 

Endotolin (en-doh-tok'-sin). The lipid portion of the lipopoly
saccharide found in the ceU waDs of Gnm-negative bacteria; 
intracellular toxin (Chap. 14). 

Enriched Media. Cultu:re media that enable microbiologists to 
isolate fastidious organisms from samples or specimens and grow 
them in the laboratory (Chap. 8). 

Enteric (en-we'-ik) Bacilli. Gram-negative bacilli in the &mily 
Enterobacteriaceae (Chap.10). 

Enteritis (en-tcr-.•-1ia). InB.ammation of the intestines, usually 
referring to the small intestine (Chap. 17). 

Enteroqtozoon (en-ter-oh-sigh.-toe-zoo-on). A genus in 
the f.unily Microsporidia; causes diarrhea and eye infections 
(Chap.20). 

Enterobemorrhagic Esdmichill coli. Strains of Est:beridill toli that 
produce enteroto.lins that cause bloody diarrhea and hemolytic 
uremic syndrome (Chap. 19). 

Eaterotmigenic Estbtrit:hill eoli. Strains of Rtt:htril:hia «JJi that produce 
toxins that cause diarrhea (Chap. 19). 

Emerotodn (en·tel'-Oh-tok.> -sin). A bacterial exotoxin spcc.Uic for 
cells of the intestinal mucosa (Chap. 14). 

Enterorirulent E.rchericbUI coli. Strains of Estberichill coli that 
produce to:rins that cause gastrointestinal diseases; eumples 
include enterohemorrhagic E. coli and enteroto:rigenic E. coli 
(Chap.l9). 

Enzyme (en'-zyme). A protein molecule that catalyzes (causes or 
speeds up) a chemical reaction; remains unchanged in the process; 
a biologic catalyst (Chap. 6). 

Eosinophil (c:e-oh-si:a! -ob-fil). A type of granulocyte found in 
blood; its granules contain basic substances (e.g., major basic 
protein) that attract acidic dyes (Chap. 15). 

Eosinophilia (ee'-oh-sin-oh-fil'-ee-uh). All abnormally high 
number of cosinophils in the bloodstream (Chap. IS). 

Epidemic: (c:p-uh-dem'-ick) Disease. A disease occutting in a 
higher-than-usual number of cases in a population during a given 
time interval (Chap. 11). 

Epidemic1Jphus. Synonym for louse-home typhus fuvc.r; caused 
by Rir:iettsW J1'Vlllllzikii, a Gram-negative bacillus that is an obligate 
intracellular pathogen (Chap.19). 

Epidemiology (ep-uh-dee-me-ol'-oh-jee). The study of relation
ships between the various &.ctors that determine the frequency and 
disttibution of diseases (Chap. 11). 

Epidermis (c:p-c:e-derm.' -is). The superlicial epithelial portion of 
the skin (Chap. 11). 

Epididymitis (ep-uh-did-uh-my' -tis). Inflammation of the epidid
ymis (a tubular structure within the testis) (Chap. 17). 

Epiglottitis (ep-ee-glot-eye-tis). Inflammation of the epiglottis 
(the mouth of the windpipe) (Chap. 11). 

Episome (ep'-eh-som). An extrachromosomal element (plasmid) 
that may either integrate into the host bacterium~ chromosome 
or replicate and function stably when physically separated from 
the chromosome (Chap. 1). 

Epstei:a-Barr Vu-u.. The virus that causes infectious mononu
cleosis; an oncogenic virus that causes several types of cancer 
(Chap. 18). 

Erysipelu (el'l'-eh-s:ip'-uh-lis). An acute cutaneous cellulitit caused 
by Stnp~ P'figmet (Chap. 19). 

Erythema (ah--uh-thee'-muh). Redness of the skin; a reddened 
area of skin is described as being erytbttiUitOIIS (Chap. 16). 

Erythrocytes (ee-rith'-roh-sites). Red blood cells (Chap. 13). 
Erythrogenic: (ee-rith-roh-jen'-ick) Tolin. The exotoxin pro

duced by St:reptt~eM:US ~that causes scarlet fever; eryt:lwogmk 
means "produces redness," referring to the red rash of scarlet fever 
(Chap. 14). 

Essential Amino Acids. Ammo acids that must be provided 
to an organism because the organism is unable to synthesize 
them (Chap. 6). 

Essential Fatty Acids. Fatty acids that must be provided to an 
organism becaU5C the organism is unable to synthesize them 
(Ch.ap.6). 

EsseDtW Nuuienu. Any nutrients that must be provided to an 
organism because the organism is unable to synthesize them 
(Chap.1). 

Etiologic (e' -tee-oh-loj'-ik) Agent. The cauntive agent of an infec
tious disease (i.e., the pathogen that causes the disease) (Chap. 1). 

Etiology. Cause; as in the etiology of a disease (Chap. 1). 
Euc:arya (you-ker'-ee-uh). One of the three domains in the 

Three-Domain System of Classification; alternate spelling is 
Euluwya; members of this domain are eubryotes; the other two 
domains are Arrht~tll and Bllt:ttri.a (Chap. 3). 

Eukaryutic ()vn•-Jw:o..ee-ah•-tick) Cells. Cells containing a true 
nucleus; organisms possessing such cells arc referred to as eviaryotts; 
can also be spelled eucaryotic (Chap. 3). 

ExfoliaUn: (eks-foh'-lee-uh-1iv) Tm:in. The exoto:rin produced 
by Stitpbyl«oaw ltf#f'e'US that causes staphylococcal scalded sJdn 
syndrome (SSSS); also known as~ ttmn (Chap. 14). 

Exoenzyme (ek-aob-en'-zyme). An enzyme produced by a cell 
that is released from the cell; an extracellular eneyme (Chap. 1). 

E&otoDn (ek-tob-tok.' -sin). A taxin that is released from. the cell; 
an extracellular toxin (Chap. 14}. 

Exu.date (eks'-yu-date). Any fluid (e.g., pus) that exudes (oozes) 
from tissue, often as a result of injury, infe.c:tio.n, or inflammation 
(Chap.17). 

F 
Facult:ad:n: (&1.'-ul-t:ay-tive) Anaerobe. An organism that can 

live either in the presence or in the absence of o:zygen (Chap. 4). 

Facaltati:ft: Intraa:Uular Pathogen. A pathogen that can live either 
intraccllularly or atrac:ellularly (Chap. 14). 

Facultatm: Plu:asite. An organism that is not only capable of being 
a parasite but also capable of a free-living existence (Chap. 21). 

Fascia (£ash' -ee-uh). A sheet of fibrous tissue that envelops the 
body beneath the skin; also encloses muscles and groups of 
muscles (Chap. 19). 

Fasc:iitis (fas-ee-eye' -tis). Inflammation in &scia (Chap. 19). 



Fastidious (f.as-tid'-ee-us) Microbes. Microbes that are difficult 
to isolate from specimens and grow in the laboratory. owing to 
their complex nutritional requirements (Chap. 1). 

Fatty Acid. Any acid derived from fats by hydrolysis; fatty acids are 
the building blocks of lipids (Chap. 6). 

Fcrm.e111:1Uion (t1:r-m.en-1lly'-shun). An anaerobic biochemical 
pathway in which substances are broken down, and energy and 
reduced compounds are produced; o:tygen does not participate 
in the process (Chap. 7). 

Fermentative Pathways. Metabolic pathways in which oxygen does 
not participate (Chap. 7). 

F:ambriae (6m'-bree-ee), sing. fimbria (6m'-bree-uh). See pili 
(Chap. 3). 

Ymed Macropbages. hhcrophages that remain localized within certain 
organs and tissues; also known as 1timJcytes or hiniot:ytes (Chap. 15). 

Flagella (fluh-jel'-uh), sing. flageDum. Whiplike organelles of 
motility; prokaryotic and eukaryotic flagella differ in structure; 
probryotic flagella are composed of a protein called folgellin; 
eukaryotic flagella contllin Dine doublet microtubules arranged 
around two centtal m.icrotubules (a 9 + 2 arrangement) (Chap. 3). 

Flagdlatcs (flaj' -ch-letz). Flagellated protozoa (Chap. 5). 

Flagdlin (flaJ' -eh-lin). The protein of which bacterial flagella are 
composed (Chap. 3). 

Fluoresc:cnc:e (Soar' -es-eDCe) .Mictoscopc. A type of compound 
light microscope that uses an ulttaviolet (UV) light source (Chap. 2). 

Follic:ulids (foh-lick-you-ft-rla). IDJiammation of a hair follicle, 
the sac that cont2ins a hair shaft (Chap. 17). 

Fomites (foh'-mitz). Inanimate objects or substances capable of 
absorbing and transmitting a pathogen (e.g., clothing, bed linens, 
towels, and eating utensils) (Chap. 11). 

Fungemia (fun-gee'-m.e-uh). The pretence of fungi in the blood
stream (Chap. 13). 

Fungi (fun'-ji), siDg. fungus. Euk:aryotic, tt01lphotosynthetic 
microorganisms that can be either saprophytic or parasitic (Chap. S). 

Fungicidal (fUn.-juh-s:igb' -dull) Agent. A chemical agent or drug 
that kills fungi; a fimgkidt or 11fJtot:ide (Chap. 8). 

Furuncle (few'-nmg-Jml). A localized pyogenic (pus-producing) 
infection of the skin, usually resulting from folliculitis; often 
referred to as a boil (Chap. 17). 

G 
Gmgrene (gang'-green). Necrosis (ceU death) as a remit of ischemia 

{lack of blood £low) (Chap. 19). 

Gas Gangrcu.c. Gangrene caused by CklstriJir.rm spp.; the gas that 
forms in the necrotic tissue is the result ofbacterial fermentations; 
also known as ""JfJ'ltmW (Chap. 19). 

Gasuitis (gas-try' -tis). Inflammation of the mucosal lining of the 
stomach (Chap. 17). 

Gut:roeDteritis (gu'-tro-ett-tel'-eye'-tis). In£lammation of the 
mucosal linings of the stoma.ch and intestines (Chap. 17). 

Gene (jeen). A functional unit of heredity that occupies a specific 
space (locus) on a chromosome; contains the genetic information 
that will enable a cell to produce a protein (usually), an rRNA 
molecule, or a tRNA molecule (Chap. 3). 

Gene Product. The molecule (usually a protein) that is coded for 
by a gene (Chap. 3). 

Gene Therapy. The insertion of normally functioning genes into 
a cell to correct problems associated with abnormally functioning 
genes (Chap. 1). 
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Generation Time. The time required fur a cell to split into two 
cells; also called the tlouMing time (Chap. 3). 

Genetic (juh-net'-ick) Code. The sequence of nucleotide bases 
on a DNA molecule that provides the information necessary fur 
cells to produce gene products (Chap. 6). 

Genetic Engineering. The insertion of foreign genes into 
microorganisms to enable the microorganisms to produce 
specific gene products or to enable them to be used for other 
purposes (Chap. 1). 

Geneti.c:s (juh-net'-ib). The branch of science concerned with 
heredity (Chap. 7). 

Genotype (jeen'-oh-t}'Pe). The complete genetic constitution of 
an individual (i.e., all of that individual's genes); also known as the 
gmqme (Chap. 3). 

Genus (jee'-mJS), pL genera. The first name in binomial nomen
clature; a genus contains closely related species (Chap. 3). 

Germ. Slang term for pathogen (Chap. 1). 

Germicidal (jel'-muh-sigh'-cluD) Agent. A chemical agent or drug 
that kills pathogens; a gmnidJt (Chap. 8). 

Gingivitis (jin-juh-'Vf' -tis). Inflammation or infuction of the gingiva 
(gmns)(Chap.l7). 

Glucose (glue' -Jmhs). A biologically important, six-carbon mono
saccharide; a hezose; CJi120 6; also called dutrwt; the product of 
complete hydrolysis of polysaccharides, such as cellulose, starch, 
and glycogen (Chap. 6). 

Glycoca'ly.K (gly-ko-kay' -licb). EJ.tracellular material that may or 
may not be fu:mly attached to the outer surf.ace of a bacterial cell 
wall; capaules and slime layers are eramples (Chap. 3). 

Glycogen (gly'-koh-jen). A poly3accharide stored by animal cells 
as a food reserve; composed of numerous glucose molecules 
(Chap.6). 

Glycolysis (gly-kol'-eh-sis). The anaerobic, energy-producing 
breakdown of glucose into two molecules of pyruvic acid via a 
series of chemical reactions; an ezample of a biochemical pathway; 
also called~ glymlym (Chap. 7). 

Glymsidic (gly'-ko-sid•-ilr) Bond. The conlent bond that holds 
monosaccharides together in carbohydrate molecules (Chap. 6). 

Golgi (goa)! -jce) Complc::~:. A membranous system located within 
the cytoplasm of a euk:aryotic cell; associated with the transport 
and packaging of secretory proteins; also known as Golgi fiJJPfln#tiS 
or Golgi bvd,y (Chap. 3). 

Gonococ:cal (gon-oh-kok'-ul) Ophthalmia (of-thal'-me-uh) 
Neonatorum (ne'-oh-nay-tor'-um). A bacterial eye disease 
of newborns caused by Ntimrlal!fJIIfYI'f'hoeM, a Gram-negative 
diplococ:cus (Chap. 19). 

Gonocoa:us (gon-oh-Jmk'-us), pl. gonoc:occi. A slang term for 
Neisst'fW gontwrhoe•e; abbreviated GC (Chap. 13). 

GoDOnhea (gon-oh-n:e'-uh). A se:mally transmitted bacterial 
disease caused by Neisstri4 gwwn-hotlle, a Gram-negative diplo
coccus (Chap. 19). 

Gram Stain. A differential stllining procedure named for its devel
oper, Hans Christian Gram, a Danish bacteriologist; differentiates 
bacteria into those that stlliD. blue to purple (called Gnlm-prmtive 
btlai:IV) and those that stain pink to red (called Gnmr-neglltiTJe 
~)(Chap. 4). 

Granaloqtet (gran'-yu-loh-sites). A category ofleuk:ocytes having 
prominent cytoplasmic granules; neutrophils, c:osinophils, and 
basophils are ezamples (Chap. 15). 

Growth Cam:. As used in this book, a graphic representation of 
the change in size of a bacterial population over a period of time; 
includes a lag phase, a log phase, a stationary phase, and a death 
phase (Chap. 8). 
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H 
Haloduric: (hail-oh-dur -ic:l) Organisms. Organisms capable of 

surviving in a salty environment (Chap. 8). 
Halophiles (hail'-oh.-Ble). Organisms whose growth is enhanced 

by a high salt concentration; such an organism is said to be halo
phi/it (Chap. 8). 

lltmtllvirua (hon'-tuh-vi-rus) PulmODIU.'f Syndrome (HPS). A 
pulmonary disease caused by V1Uious hantaviruses (Chap. 18). 

Haploid (hap' -loyd) Ceil&. Eulwyotic cells containing only one 
set of chromosomes (Chap. 3). 

Hapum. (hap'-ten). A small,. nonanti.gellic molecule that becomes 
antigenic when combined with a larger molecule (e.g., a carrier 
protein) (Chap. 16). 

Harmful Mataticm.. A mutation that causes harm to the mutant 
organism (Chap. 7). 

HBv. Hepatitis B virus; the causative agent of serum hepatitis (Chap. 18). 
Health Care-Associated lnfeaio:n.. Any infection acquired white 

one is hospitalized (or while a patient in some other health care 
facility) (Chap. 12). 

Helmin1h (hel'-minth). A parasitic worm (Chap. 21). 
Hemolysin (he-m.oll'-ah-siD). A bacterial enzyme capable oflysing 

erythrocytes (Chap. 14). 
Hemolysis (he-moll'-ah-sis). Destruction of erythrocytes in 

such a nwmer that hemoglobin is liberated into the surrounding 
environment (Chap. 8). 

HepatiDs (hep-ah-ty'-tis). Inflammation of the liver (Chap. 17). 

Heptose. A monosaccharide amtaining seven carbon atoms (Chap. 6). 

Herpes Labialis (her'-peez Iay-bee-al-us). A cold sore (fever 
blister) caused by herpes simplex viruses (Chap. 18). 

Herpes Simple~: Vmues. Vuuses that cause a variety of infections, 
including cold sores (fever blisters), genital herpes, and shingles 
(Chap. 18). 

Heterotroph (het'-er-oh-trof). An organism that uses organic 
chemicals as a source of carbon (Chap. 7). 

Hc:mse. A monosaccharide containing siJ: carbon atoms (Chap. 6). 

Histmdnc (his' -mh-meen). Potent chemical released from baso
phils and mast cells during allergic reactions; causes constriction 
of bronchial smooth muscles and v:asodilation (Chap. 16). 

Hiv. Human immunodeficiency virus; the causative agent of AIDS 
(Ch.ap.4). 

Holoenzyme. Apoenzyme plus cofactor; a whole (functional) 
enzyme (Chap. 6). 

Ho.st. In a parasitic relationship, the organism on or in which a 
parasite lives (Chap. 10). 

Host Defense Mechanisms. Mechanisms that serve to protect the 
body from pathogens and the infections they cause (Chap. 1 S). 

Humoral Immumty. A type of immunity in which antibodies play 
a major role; also known as antibotlj-merlilltd imm1miJy (AMI) 
(Chap.16). 

Hyalaronic (high'-uh-la-nm'-ic:l) Acid. A gelatinous mucopo
lysaccharide that acts as an intracellular cement in body tissue 
(Chap.l4). 

Hyalurc:midase (high'-uh-lu-ron'-ah-dase). A bacterial enzyme 
that breaks down h~uronic acid; sometimes called JijJWing or 
sprudmgf~Ktm' because it enables bacteria to invade deeper into 
tissue (Chap. 14). 

Hybridom.a (higb.-brid-oh'-m.uh). A tumor produced in vitro 
by fusion of mouse tumor cells and specific antibody-producing 
cells; used in the production of monoclonal antibodies (Chap. 16). 

Hydrocubon (high-droh-br'-bUD). An organic compound 
consisting of only hydrogen and carbon atoms (Chap. 6). 

Hydrolysis (hi-drol' -eh-sia) Reaction. A chemical process whereby 
a compound is cleaved into two or more simpler compounds with 
the uptake of the H and OH parts of a water molecule on either 
side of the chemical bond that is cleaved (Chap. 6). 

Hypersensitivity (high' -per-sen-suh-tiv' -uh.-tee) Reactions. 
E:agget2ted immunologic reactions that result from an overly 
sensitive immune system (Chap. 16). 

Hypertonic: (hi-pet'-talm'-ick) Solution. A solution having a 
greater osmotic pressure than. cells placed into that solutiOll; a 
higher concentration of soluu:s e:Jists outside the cell (Chap. 8). 

Hyphae (h.y'-fee), sing. hypha. Long, thin, intertwined, cytoplas
mic filaments that make up a mould colony (mycelium) (Chap. S). 

Hypogammaglobulinemia (high'-poh-g:un'-uh-glob-ya-luh
a.ee'-me-uh). Deaeased quantity of the gamma fraction of serum 
globulin, including a decreased quantity of immunoglobulins 
(Chap.16). 

Hypotonic: (hi-poh-t:ahn' -US) Solution. A solution having a lower 
osmotic pressure than cells placed into that solution; a lower 
concentration of solutes exists out3ide the cell (Chap. 8). 

Iatrogenic: (eye-at-roh.-jen'-ick) Infecticm.. An. infection caused 
by medical treatment; literally, "physician induced, .. but could be 
caused by any health care professional (Chap. 12). 

Imm.ediate-'iype Hypersensitivity Reactions. Hypersensitivity 
reactions that occur from within a few minutes to 24 hours after 
contact with a particular antigen (Chap. 16). 

Immune (~m-myun'). To be free from the possibility of acquiring 
a particular infectious disease; to be res.ist:mt to an infectious 
disease (Chap. 16). 

Immunity (im.-myu' -auh-tee). The status of being immune or 
resistant to aninfecti.ons disease (Chap.16). 

Immunocompetent (im' -you-no-:kmn' -puh-te:o.t) Person. A person 
who is able to mount a D.Ormal immune rerponse; a pel'lloD. whose 
immune system it functioning properly (Chap. 16). 

Immua.ocliaga.ost:ie (tm'-yu-noh-dy-ag-nos'-tic:k) Procedures. 
Labot2tory procedures used to diagnose infectiOU$ diseases using 
the principles of immunology; used to detect either antigen or 
antibody in patients' specimens (Chap. 16). 

Immunoglobulins (am.'-yu.-noh-glob'-yu.-liD). A class of glyco
proteins that contains antibodies (Chap. 16). 

Immunohematology Laboratory. The laboratory where donor 
blood is collected, tested, and stored; often referred to as the Blood 
B.-nk(Chap.13). 

Immunologist (un-you-nol.' -oh-jist). One who specializes in the 
science of immunology (Chap. 16). 

Jmm.aa.ology (im-you-a.ol'-oh-je). The study of immunity and 
the immune system (Chap. 16). 

Immunosappressecl (im.' -you-no-sue-pressed) Penon. A person 
whote immune system is not functioning properly; such pe.rso.ns are 
also Hid to be ~otlepnsred or ~d (Chap. 16). 

Impetigo (im.-peh-ty'-go). A bacterial skin diseue caused by 
S~ 1111inU1 and/or Stnp~ pyogem:s (Chap. 19). 

ID Vitro (m vee'-trow). In an artificial enviro.Dment, as in a labora
tory setting; used in reference to what occurs outtide an. organism 
(Chap.!). 

ID VIVO (in vee'--mh). Used in reference to what occurs 111ithin a 
living organism (Chap. 1). 



Ina.cti9ated. Vaccine. A vaccine prepared &om inactivated (killed) 
microorganisms (Chap. 16). 

laridence. The number of new cases of a particular disease in a 
defined population during a specific period of time (Chap. 11). 

Inclusion Bodies. Distinctive cluste.rs of virions, frequently formed 
in the nucleus or cytoplasm of cells infected with certain viruses 
(Chap.4). 

Incubation. In microbiology> refers ro holding a culture at a particular 
temperature for a certain length of time (Chap. 8). 

Incubator. In microbiology, the chamber within which cultures 
are held at a particular temperature for a certain length of time 
(Chap. 8). 

Incubatory (in'-kyu-buh-tor'-ee) Carrier. A person capable of 
transmitting a pathogen during the incubation period of a particular 
infectious disease (Chap. 11). 

India Ink Prepar:diOD. A laboratory procedure primarily used to 
presumptively diagnose cryptococcal meningitis (Chap. 20). 

Indigenous Microbiota (in-dij' -uh-DUS my-crow-by-oh-tuh). 
Microbes that live on and in the healthy body; also called the 
human mimbifliMj refi:tted to in the past as indigenous microflora 
and normal flora (Chap. 1). 

Indua'ble Genes. Genes that are not expressed all the time 
(Chap.6). 

In&ction (m-fe~-s1nm). The presence and multiplication of a 
pathogen on or within the body; often used as a synonym for 
infectious disease (Chap. 14). 

IDlectious Disease (m-fek'-&bu.s di-r.eer!). Any disease caused by 
a microbe that follows colonization of the body by that microbe 
(Chap. 1). 

In41ammation (m-Suh-may' -shun). A nonspecific pathologic process 
consisting of a dynamic complex of cytologic and histologic reac
tions that occur in response to an injury or abnormal stimulation 
by a physical, chemical, or biologic agent (Chap. IS). 

Infl•mmatory E:mcW:e. An accumulation of Buid, cells, and cellular 
debrit at a site of inflammation (Chap. 1 S). 

lnoculatiOD. In microbiology, refers to adding a specimen to some 
type of culture medium (Chap. 8). 

Inorganic (m-oro-g:m'-ick) Chemistry. The science dealing with 
all types of chemicals cza:pt those classi1ied as organic compounds 
(Chap.6). 

ln.oJ:ogulic Co1D]J01.111d.s. Chemical compounds in which the atoms 
or radicals comist of elements other than carbon (Chap. 6). 

Interferon (in-tero-feal'-OD) Gamma Release Assay. An assay used 
to determine exposure to Myeoblltttrium t.'llht:rr:ukJJ (Chap. 16). 

Interferons (in-ter-fear' -onz). Small, antiviral glycoproteins 
produced by cells infected with an animal virus; interferons 
are cell specific and species specific, but not virus specific 
(Chap. IS). 

Interleukirul (in-ter-lu'-kim:). Lymphokines and polypeptide 
hormones; interleukin 1 is produced by monocyres; interleukin 2 
is produced by lymphocytes; a category of cytokines (Chap. 15). 

Intermediate Host. In a parasitic relationship, the host that harbors 
the larv:U or ase:mal stage of a parasite, or the ase:mal phase of the 
parasite's life cycle (Chap. 21). 

lnttaerytbrocydc: P.athogm. A pathogen that lives within eryth
rocytes (Chap.l4). 

Intraleukoc:ytic Pathogen. A pathogen that lives within leuk:OC)'te$ 
(Chap.14). 

Intrinsic Resist:mce. Resistance to a particular drug that is the 
result of some naturally occurring property of a bacterial cell 
(Chap. 9). 
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Ischemia (is-kr.y' -me-uh). Localized anemia as a result of mechanical 
obstruction of the blood supply (Chap. 19). 

Isotonic (eye-soh-t:ahn'-ick) Solution. A solution having the 
same osmotic pressure as cells placed into that solution; when the 
cOlleentration of solutes outside the cell equals the concentration 
of solutes inside the cell (Chap. 8). 

K 
Keratitis {b:r-'Dh-ty' -tis). Inflammation of the cornea (Chap. 17). 

Keratoconjunctivitis (ker -at-oh-bm-junk' -tuh-n' -tis). Inflam
mation of the comea and conjunctiva (Chap. 17). 

Kiner Cell. A type of cytotm:i.c T cell involved in cell-mediated 
immune responses (Chap. 16). 

Kinase (k.y'-nace). A bacterial enzyme capable of dissolving clots; 
also known as jibrilldysin (Chap. 14). 

Koch Postulates. A series of scientific steps, proposed by Robert 
Koch, that must be fulfilled to prove that a spec:Uic microorganism 
is the cause of a particular disease (Chap. 1). 

KOH Prep. See /JfJwsirlm bydtwride ~· 
Koplik. Spots. Small ted spots containing a minute bluish white 

speck; they appear on the buccal mucosa early in measles (Chap. 18). 
Krebs Cycle. A biochemical pathway that is part of aerobic respi

ration; also .known as the eitm Mid Cj(k, ~/k Mid, or 1C4 
']de (Chap. 7). 

L 
L-Forms. Alm.ormal forms ofbacteria that have lost part or all of their 

rigid cell walls; sometimes the result of uposure of an organi.Jm. 
to an antimicrobial agent; also called L-ph~~~e ~tr, the "L" i$ 
derived &om Lister Institute (Chap. 4). 

P.,Lactam Ring. One of the two double-ringed structures found in 
penicillin and cephalosporin molecules (Chap. 9). 

a-Lac:t:~DWeS. Enzymes that destroy the ~lactam ring in antibiotics, 
such as penicillin and cephalosporins (Chap. 9). 

Lag Phase. The part of a bacterial growth curve during which mul
tiplication of the organisms is very slow or scarcely appreciable; 
the first phase in a bacterial growth curve (Chap. 8). 

Laryngitis (laro-in-ji'-tis). Inflammation of the mucous membrane 
of the larynx (voice box) (Chap. 17). 

Latent IDfccti.cm. An asymptomatic infection capable of manifesting 
symptoms under particular circumstances or if activated (Chap. 14). 

Lcc:ithin. (less'-uh-1hin). A name given to sc:n:ral types of phos
pholipids that are essential constituents of animal and plant cells 
(Chap.l4). 

I..ec:ithinase (less'-uh-thuh-nac:e). A bacterial enzyme capable of 
breaking down lecithin (Chap. 14). 

Legionellosis (lee-juh-nel-oh' -sit). A bacterial respiratory disease 
caused by Gnm-negative bacilli in the genus Legivtulkl (Chap. 19). 

Leprosy (lqMOh-see). A bacterial disease of the skin, peripheral 
nerves, and testes caused by the acid-fast bacillus My~ 
lepnu; Hansen disease is a synonym for leprosy (Chap. 19). 

Lethal Mutation. A mutation that causes death of the organism 
possessing the mutation (Chap. 1}. 

Leukemia (lew-by'-me-ub). A type of cancer in which there is 
a proliferation of abnormal leukocytes in the blood (Chap. 13). 

Leukocidin (lu-koh-sigb'-din). A bacterial exotoxin capable of 
destroying leukocytes (Chap. 14). 
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Leu1mcytes (lu'-koh-si:tes). White blood cells (Chap. 13). 
Leukoc:ytosis (lu!-koh-sigh-toe'-sis). An increased number of 

leukocytes in the blood (Chap. 15). 

Leukopenia (lu-koh-pea'-nee-uh). A decreased number of 
leukocytes in the blood (Chap. 15). 

Lic:heD (like' -in). An organism composed of a green alga (or a cya
nobacterium) and a fungus; an example of a symbiotic relationship 
known as mut'lllllism (Chap. S). 

Life Cycle. The generation-to-generatiOll sequence of stages that 
occur in the history of an organism (Chap. 3). 

Light Mic:rotc:ope. A type of microscope that uses visible light as a 
source of illumination; also called a brigbt:fold ~(Chap. 2). 

Lipids (lip' -ids). Organic compounds containing carbon, hydrogen, 
and oxygen that arc .imoluble in wao:r but soluble in the so-ailled 
fat solvents, such as diethyl ether and carbon tetrachloride (Chap. 6). 

Lipopolysacdwicle (lip' -oh-pol-ee-sacl! -a-ride). A macromole
cule of combined lipid and polynccharide, found in the cell walls 
of Gram-negative bacteria (Chap. 4). 

I.isteriot:is (lis-tear'-ee-ob'-sis). A bacterial disease caused by 
l.isttrill rmmocyttJgmu, a Gram-poJitive bacillus (Chap.19). 

lid!.ob:oph (lith' -oh-trot). An organism. that uses inorganic molecules 
as a source of energy; a type of chemottoph (Chap. 7). 

Localized Infi:c:tioo.. An infection that remains localized; that 
does not spread; also known as a 1«111 illfoait:m or foul inf«titm 
(Chap.14). 

LogariduDic (log' -uh-rith-mik) Growth Phase. The part of a bacwial. 
growth phase during which mu:imal multiplicatiOll is oc:curring by 
geometric progression; the second phase in a bacterial growth cum:; 
also known as the log pbiiSr or IX'JW'mltilll grrnutb pbiiSr (Chap. 8). 

Lophottic:hou (lmr-fot'-ri-kus) Bacterium. A bacterium that 
possesses two or more flagella at one end (pole) of the cell 
(Chap. 3). 

Lyme Disease. A bacterial disease caused by B(Yf1't!/U btwgtJqtftri, 
a loosely coiled spirochete; transmitted by tick bia: (Chap. 19). 

Lymphadenitis (lim'-fad-uh-ny'-U.s). Inflammation of a lymph 
node or lymph nodes (Chap. 17). 

Lymphadenopathy (6m-fad-'Dh-nop' -'Dh-thee). A disease process 
affecting a lymph node or lymph nodes (Chap. 17). 

l:ymphmgitis (lim-fan-ji' -tis). Inflammation of lymphatic vessels 
(Chap.17). 

Lymphokines (lim.'-foh-kiml). Soluble proteins released by sen
sitized lymphocytes; examples include chemotactic :&ctors and 
interleukins; lymphokines represent one category of eytoltinu 
(Chap.16). 

Lyophilization (ly-M -eh-leh..zay' -slmn). Free~drying; a method 
of preserving microorganisms and foods (Chap. 8). 

l;ytogemc (lye-so-jen'-ick) Baeterium. A bacterium in the state 
of lysogeny (Chap. 7). 

Lysogenic Conversion. Ala:ratiOll of the genetic cOJUtitutiOll of a 
bacterial cell as a result of lysogeDy (Chap. 7). 

Lysogeny (lye-fiOj'-eb-nee). A situation in which viral genetic 
matl:rial is integrated into the genome of the host cell (Chap. 7). 

Lyso.some <Jye•-so-som). A membrane-bollll.d vesicle found in 
the cytoplasm of eulwyotic cells; contains a variety of digestive 
enzymes, including lysozyme (Chap. 3). 

Lysozyme (lye' -so-zym.c). A digestive enzyme found in lysosomes, 
tears, and other body fluids; especially destructive to bacterial cell 
walls (Chap. IS). 

Lftic Cycle. When a virus takes over the metabolic machinery of 
the host cell, reproduces itself, and ruptures (lyses) the host cell so 
that the newly assembled virions can escape (Chap. 4). 

M 
Macrophage (mak:'-:toh.-&j). A large phagocytic leukocyte that 

arises from a monocyte (Chap. lS). 

Malaise (muh-laz'). A generalized feeling of discomfort or uneas
iness (Chap. 17). 

Mast Cell. A tissue ceU that closely resembles a basophil (Chap.16). 
Mechanical Ved:or. An arthropod vector (e.g., a housefly) that 

merely transports a pathogen from "point A" to "point B," and 
within which the pathogen neither multiplies nor matures 
(Chap.21). 

Medical Asepsis (q-sep'-sis). The absence of pathogens in a 
patient's environment (Chap. 12). 

Medicai.AsepU.c(.y-.ep'-tick)Techniques. Proceduresfoll.owed 
and steps taken to ensure medical asepsis (Chap. 12). 

Medical Laboratory Scientists. Laboratory professionals possess
ing a baccalaureate degree in medical laboratory science (medical 
technology); also known as dittiad laborrmwy sr::imti!t:s, 'IIUIIlial 
tt~, or MTs (Chap. 13). 

Medical Laboratory Tedmidans, Laboratory professionals 
possessing an associate degree in medical laboratory technology; 
also known as ML'n (Chap. 13). 

Meiosis (m.y-ob'-sis). The type of cell division that remlts in 
the formation of haploid gametes; also .known as meiutic divisitm 
(Chap. 3). 

Meninges (m.ah-nin'-jez), sing. mc:nim:. As used in this book. the 
membranes that surround the brain and spinal cord (Chap. 17). 

Meaingitis (men-in-ji'-tis). Inflammation or infection of the 
m.eninges (Chap. 13). 

~mia (meh-ninge'-oh-kok-see'-me-uh). The 
presence of NeismW mmingitidk in the blood (Chap. 13). 

MeniDgoc:cK-cus (au:b-ninge'-oh-lrok-us), pl. mc:Dingococd. A 
slang term for Ntimrill mmingitidis (Chap. 13). 

Menin.goencephalitis (muh-ning' -go-en-cef-uh-ly' -tis). Infiam.
mation or infection of the brain and its surrounding membranes 
(Chap. B). 

Mesophile(meez'-oh-file). Amicroorgmismhavinganoptimum 
growth temperature between 2S°C and 40°C; such an organism is 
said to be mmphilic (Chap. 8). 

Messenger RNA (mRNA). The qpe of RNA that contains c:uctly 
the same genetic information as a single gene on a DNA molecule; 
also called ~RNA. (Chap. 6). 

Metabolic (met-uh-bol'-ik) Reacti.orls. Chemical reactions that 
occur within cells; of two typ~tabolic and anabolic reactions 
(Chap. 7). 

Metabolism. (mub-tab'-oh.-Dzm). The sum of all the chemical 
reactions oc:cw:ring in a cell; consists of ltiUIIxilism and ClttllboiUm 
(Chap.3). 

Metabolite (muh-t:ab'-oh-lia:). Any chemical product of mmbolism 
(Chap. 7). 

Methanogens. Prokaryotic microbes that live on carbon dioxide 
and hydrogen and produce methane gas (Chap. 4). 

Microae:rophiles (my-laow-air'-oh-files). Organisms requiring 
oxygen, but in concentrations lower than 20% to 21% found in 
air; they usually require around 5% o:qgen (Ch2.p. 4). 

Microbes. AU-encompassing term that includes acellular vir1ues and 
prions as well as cellular microorganisms (e.g., bacteria, protozoa, 
some algae, and some fungi) (Chap. 1). 

Microbial (my-krow* -be-ul). Pertaining to microorganisms (Chap. 1). 
Microbial Antagonism (an-tag'-un-iml). The killing, injw:y, or 

inhibitiOll of one microbe by substances produced by another 
(Chap.lO). 



Microbial Ecology. A swdy of the interrelationships among 
microbes and the world around them (other microbes, other living 
organisms, and the nonliving environment) (Chap. 1). 

Mk:robialiDtmication. A disease that results &om ingestion of a 
tm:in that was produced by a pathogen iD vitro (outside the body) 
(Chap. I). 

Microbial Physiology. The swdy of the vital .lite processes of 
microbes (Chap. 7). 

Microbiciclal (my-krow'-buh-sigb.'-dull) Agent. A chemical or 
drug that kills microorganism$; a mimJ/Jiatk (Chap. 8). 

Microbiologist (my'-aow-by-ol'-oh-jiat). One who !peCializes 
in the science of microbiology (Chap. 1). 

Microbiology (my'-crow-by-ol'-oh-je). The study of microbes 
(Chap. 1). 

Mic:robiome (my-cro-by-ome). The tntality of microbes, their 
genetic ma~rial, and their effect on the local environment (Chap. 10). 

Mierobiota (my-cro-by-oh-ta). All of the microbes inhabiting a 
particular location in the human body (Chap. 10). 

Mierobistatic (my-krow'-buh-stat'-ick) Agent. A chemical agent 
or drug that inhibits the growth of microorganisms (Chap. 8). 

Microcolonies. Tiny clusters of bacteria within biofilms (Chap. 10). 

Micrometer (my-crow' -me-ter). A unit of length, equal to one 
millionth of a meter and one thousandth of a millimeter (Chap. 2). 

Miaoorg:mi.&ms (my' -crow-or -gan-izms). Very small organisms; 
usually microscopic; also called alJukw mimlbes; includes bacteria, 
arclw:a, certain algae, protozoa, and cert2in fungi (Chap. 1). 

.Mic:roRNA (m:y-c:ro-R-N-A) (mi:R.NA). Small segments of RNA 
that function in controlling gene apression (Chap. 6). 

Micro~CX~pe (my' -crow-skope). An optical instrument that permits 
one to observe a small object by producing an c:nlarged image of 
the object (Chap. 1 ). 

Microscopic: (my-cl'U'W-skup'-ik). Han object is microscopic, it 
is so small that it can only be seen using a mic:t'O!ICOpC (Chap. 2). 

Mic::rotubules (m.y-bo' -two-bales). Cylindrical, cytoplasmic tubules 
found in the cytosb:leton of eubryotic cells; may be related to 
the movement of chromosomes during nuclear division (Chap. 3). 

Middle East Respiratory Syndrome (sin-drom.e) (MERS-CoV). A 
pulmonary diseue caused by a. corona.virus; seen mainly in coun.trlC$ 
of the Arabian Peninsula (Chap. 18). 

Millimeter (mill' -uh-me-ter). A unit of length equal to one thou
sandth of a meter (Chap. 2). 

Mimivirus. An extremely large double-stranded DNA virus that 
has been recovered &om amebas (Chap. 4). 

MiDisystema. Miniaturized biochemical test systems; often used 
when a~pting to specia~ microorganisms that have been isolated 
from clinical specimens (Chap. 13). 

Mitochondria (my-toe-Jr.on•-cfree-uh), sing. mitochondrion. 
Eubryoti.c organelles involved iD cellular respiration for the 
production of energy; energy factories of the cell (Chap. 3). 

Mitosis (my-toe' -&is). The type of cell division that results iD the 
formation of two daughter cellt, each of which contains exactly 
the same number of chromosomes as the parent cell; also known 
as mitot# tlivisitm (Chap. 3). 

Molecular Epidemiology. Determining relatedness of two microbial 
isolates in a health care setting by genotypic methods (Chap. 12). 

Mcmoclcmal (mon-oh-Jdo'-nal) Antibodies. Antibodies produced 
by a clone of genetically identical hybrid cells (Chap. 16). 

Mon~Xfb: (mon' -oh-site). A relatively large mononuclear leuko
cyte (Chap. 15). 

MoDOSaa:harides (mon-oh-ak'-uh-rides). Carbohydrates that 
cannot be broken down into any simpler sugar by simple hydrolysis; 
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simple sugars containing three to nine carbon atoms (usually three 
to seven); the basic units or building blocks of polysaa:harides 
(Chap.6). 

Monotrichous (mah-not'-ri-kus) Bact:e:rium. A bacterium that 
possesses only one fiagellum. (Chap. 3). 

MonoUDSatW."at:ed Fatty Acid. A fatty acid containing oDly one 
double bond (Chap. 6). 

Morbidity Rate. The number of new cases of a particular disease 
that occurred during a speci£ied time period per a rpeciUcally 
defined population (e.g., per 100,000) (Chap. 11). 

Mortality Rate. The number of people who died of a particular 
disease during a specified time period per a specified population 
(e.g., per 100,000); also known as the duth nne (Chap. 11). 

Mucorm.ycosis (mew'-kot--my-koh'-sis). Infection caused by a 
bread mould; also known as zygt:mrJa:Jiis (Chap. 20). 

Mutagen (myu'-tah-jcn). Any agent that can cause a mutation to 
occur (e.g., radi02ctive subst:mces, x-rays, or certain chemicals); 
such an agent is said to be mfiUgnUc (Chap. 1). 

Mutant (myu'-tant). A phenotype in which a mutation is manifested 
(Chap. 7). 

Mutation (myu.-uy-shun). An inheritable change in the charac
ter of a gene; a change in the sequence of base pairs in a DNA 
molecule (Chap. 1). 

Mutaaliam (mya' -chew-ul-izm). A symbiotic relationship in wbicb. 
both parties derive benefit (Chap. 1 0). 

Mytdium. (m.y-see' -lee-um), pL Dl)Ulia. A fungal colo.ay; composed 
of a mass of intertwined hyphae (Chap. S) • 

Mycologist (my-kol'-oh-jist). One who specializes iD the scie11ce 
of mycology (Chap. 1). 

Mycology (my-kol' -oh-gee). The study of fungi (Chap. 1). 

Mycosis (my-ko' -ti), pl. myc:osee. A fungal disease (Chap. 5). 

Mya>tmic:osis (my'-ko-tnr-uh-ko-sis), pL mycotmic:oses. A 
microbial intoxication caused by a mycotoxin (Chap. 5). 

Mycoto.dns (my'-ko-tos.-iDz). Tozins produced by fungi 
(Chap. S). 

Myelitis (my-uh-ly'-tis). IDflammation or infection of the spinal 
cord (Chap. 11). 

Myocarditis (m.y'-oh-fw..dy'-tis). Inftammation of the myocardium 
(the mUS<:Ular walls of the heart) (Chap. 11). 

N 
Nanometer (rum'-oh-me'-ter). A unit of length, equal to 

one billionth of a meter and one thousandth of a micrometer 
(Chap.2). 

Nlll'IV'W-Spec:crumAntibiotic:s. Antibiotics that are effective only 
against a naJ.TOw range of bacteria (e.g., perhaps only effi:ctive 
against certain Gram-positive bacteria, or only effective against 
certain Gram-negative bacteria) (Chap. 9). 

Natural ActUe Acquired Immunity. Active acquired immunity 
that is acquired naturally (e.g., by being~ with a particular 
pathogen) (Chap. 16). 

Natural Killer (NK) Cell. A type of cytotnxic human blood 
~pho~(Chap.16). 

Natural Passive Acquired Immunity. Passive acquired immunity 
that is acquired in a natmaliXWlller (e.g., when a ferus receives 
the mother's antibodies in utero) (Chap. 16). 

Necrosis (auh-kro' -sis). Cell death (Chap. 19). 
Negati:'re StaiD. A staining procedure in which unstained objects 

can be seen against a stained background (Chap. 3). 
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Nematodes (nem.'-uh-toadz'). ROUDdworms (Chap. 21). 
Nephritis (nef-ry' -tis). Inftammation of the kidneys (Chap. 17). 
Neurotmin (new'-roh-tok'-sin). A bacteriil e:mtmin that attacks 

the nervous system (Chap. 14). 
Neuttalimt (new' -ttul-izm). A symbiotic relationship in which organ

ismsoccupythesamenichebutdonotaffectoneano1her(Chap.10). 
Neutrophil (nu'-tro-fil). A type of granulocyte foun~ in b~; 

its granules contain neuttal substmces that attract ne.~.ther acu:lic 
nor basic dyes; also called a pol,ymorphom.ulttW ttll, poly, or PMN 
(Chap.lS). 

Nitrifying Bacteria. Bacteria capable of converting ammonia to 
nitrites and nitrites to nitrates; the process is known as~ 
(Chap.lO). 

Nitrogen Fiution. The process by which atmospheric nitrogen 
gas is conv~ into ammonia (Chap. 4). 

NJtrOgen-F'mng Bacteria. Bacteria capable of converting nitrogen gas 
into ammonia; the process is known as 7litrogm formirm (Chap.10). 

Nonpathogen (non'-path'-oh-jen). A microbe that does not cause 
disease; such a microbe is said to be 'llllrfJ.Nitbogmk (Chap. 1 ). 

Nonspecific: Host Defense Mechanisms. Host defense mechanisms 
directed against all types of invading pathogens and other foreign 
substmces (Chap. 15). 

Nosema (no-sea-ma). A genus in the :&mily Microsporidia; causes 
diarrhea and eye infections (Chap. 20). 

Nuclear (nc::V-klee-er) Memhrme. The membrane that surrounds 
the chromosomes and n1ICleoplasm of a euk:aryotic cell (Chap. 3). 

Nucleic (new-JdaT-idr) Acids. Macromolecules consisting of 
linear chains of nucleotides; DNA, mRNA, tRNA, and rRNA are 
czamples (Chap. 6). 

NucL:olus (new-klee' -ob-lus). A dense portion of the nucleus of a 
eubryotic cell; where riboso!D2l RNA (rRNA) is produced (Chap. 3). 

Nucleoplasm (new' -Jdee-oh-plazm). That portion of a eukaryotic 
cell~ protoplasm that lies within the nucleus (Chap. 3). 

Nucleotides (new'-klee-oh-tides). The basic units or buildiDg 
blocb of nucleic acids, each consisting of a purine or pyrimidine 
combined with a pentose (either ribose or deoxyribose) and a 
phosphate group (Chap. 6). 

Nucleus (new'-klee-us), pl. nuclei. That portion of a euhryotic 
cell that contains 1he nucleoplasm and chromosomes (Chap. 3). 

0 
Obligate Aerobe (air' -obe). An organism that requires 20% to 21% 

oxygen (the amount found in the air we breathe) to survive(Chap. 4). 
Obligate Anaerobe (an' -ail'-Obe). An organism that cannotsurvive 

in oxygen (Chap. 4). 

Obligate Intracellular Pathogen. A pathogen that must reside 
within ano1her living cell; o:amples include ~es, chlamydias, 
and rickettsias (Chap. 1). 

Oblig:ate Par.uite. An organism that can aist only as a. parasite; 
incapable of a. free-living existence (Chap. 21). 

Octad. A packet of eight cocci (Chap. 4). 
Oncogenic: (ong'-koh-jen'-ick). An adjective meaning cancer-causing 

(Chap.17). 
Oncogenic VIIUSes. VtruSes capable of causing cancer; also known 

as MU:Wirwu (Chap. 4). 
Oophoritis (oh-of-ol'-t::ye'-tis). Inflammation or infection on an 

ovary (Chap. 17). 
OpportuDistic Pathogen (op-poo11-t1me'-is-tick path' -oh-jc::u). A 

microbe with the potential to cause disease, but that does not do 

so under ordinary circumst:mces; may cause disease in suscep
tible persons wi1h lowered resistance; also called an opportunist 
(Chap.l). 

OpsoniDs (op' -soh.-DiDZ). Subltances (such as antibodies or com
plement fragments) that enhance phagocytosis (Chap. 1 S). 

OpsoDization (op'-sub.-nuh.-.7.11)"-sb.un). The process by which 
bacteria (or other particles) are altered so that they may be more 
readily and more efficiently engulfed by pbagocytes; often involves 
coating the bacteria with antibodies or complement fragments 
(Chap. IS). 

Oldritis (Ol"ky' -tis). Inflammation or infection of the testet (Chap. 18). 
Organelles (or' -guh-nelz). Gen.eral wm for the various and diverse 

muctures contained within a euk:aryotic cell (e.g., mitochondria, 
Golgi complex, nucleus, endoplasmic reticulum, and lysosomes) 
(Chap.3). 

Organic: (01'-g:m'-ick) Chemistry. The study of organic compounds; 
the study of carbon and its ccmalent bonds (Ch2.p. 6). 

Organic Compounds. Chemical compounds composed of atoms 
(some of which are carbon) held together by covalent bonds 
(Cbap.6). 

Oll:mom (oz-moh'-sis). The process by which a solvent(e.g., water) 
moves through a semipe.rmeable membrane from. a solution having 
a lower concentration of 901utes (dissolved substances) to a solution 
having a higher concentration of solutes (Chap. 8). 

Osm.OU.c: (oz-maht'-ick) Pressure. A measure of the ~ndency 
for water to move into a solution by osmosis; always a positive 
value (Chap. 8). 

Otitis (oh-o/ -tis) Ettema. Inftammation or infection of the outer 
ear canal (Chap. 17). 

Otitis Media. Inftammation or infection of the middle ear (Chap. 17). 
Otomycosis. A fungal ear infection (Chap. 20). 
OsidatiOD (ok-seb-day'-shun). As used in this book, the loss of 

one or more electrons, thus making the atom more electropositive 
(Chap. 7). 

O:li.clation-Reduc:tion Reactions. Paired chemical reactions involv
ing the transfer of one or more electrons from one compound to 
another; reactions that involve both aridation and reduction; also 
known as m:/o:J: n:llairrns (Chap. 7). 

(hygenic: Pbotosyn1he.sis (o.J:'-uh-gea.'-ik foe-toe-sin'-1hab.
sis). A type of photosynthesis in which oxygen is produced 
(Chap.4). 

p 

Paleomicrobiology (pay-ec-oh-my'-c:row-by-ol' -oh-jc). The 
study of ancient microbes (Chap. 1). 

P.andcmic: (pan-dem' -ick) Dilc:ase. A disease occurring in epidemic 
proportions in several to many countries; sometimes oc:curring 
worldwide (Chap. 11). 

PapillOD!.a'riruse.s. Vl:rWies that cause human warts and some types 
of carcinoma (Chap. 18). 

Pariasite (par'-uh-«igb.t). An organism that lives on or in another 
living organism (called the bast) and derives benefit from the host 
(usually in the form of nutrients) (Chap. 1). 

Parasitemia (par" -ub-suh-tee• -mc-uh). The presence of parasiteS 
in the blood (Chap. 13). 

P.uas:iti.sm (par'-uh-suh-tizm). A symbiotic relationship that is 
beneficial to one party (the parasite) and detrimental to the other 
party (the host) (Chap. 1 0). 

P:uasitologist (par' -uh-suh-tol' -oh-jist). One who specializes in 
the science of parasitology (Chap. 21). 



P.u:uitology (par'-uh-suh-toi•-oh-jee). The swdy of parasites 
(Chap.1). 

P.ueateral (puh-ren'-ter-ul) IDJec:tion. Injection of subst:I.11.Ces 
directly .into 1he bloodstteam. (Chap. 11). 

P.arotitis (pal'-oh-ty'-as). Inflammation of the parotid gland (a nlivuy 
gland located near 1he ear); also known. as ptWOiiditis; epidemic 
parotitis is a synonym for mumps (Chap. 18). 

P.assiftAc:quired Immunity. Immunity or resistance acquired as a 
result of receipt of antibodies produced by another person or by 
an animal (Chap. 16). 

Pusive Canier. A person who harbors a particular pathogen wi1hout 
ever having had the .i:nfectious disease it causes (Chap. 11). 

Pasteurization (pas'-tour-i..zay'-Uun). A heating process that kills 
pathogens .in milk, wines, and other beverages (Chap. l). 

Pathogen. (path' -oh-jen). Disease-causing microorganism; such an 
organism is said to be pmhogmi& (Chap. 1). 

P.athogeneais (path-oh-jen-uh-sis). The steps or mechanisms 
.involved .in the development of a disease (Chap.14). 

P.athogenicity (path!-oh-juh-:nis'-uh-tee). The ability to cause 
disease (Chap. 14). 

P-Athologist (pah.-thol•-oh-jist). A physician who is a specialist .in 
pathology (Chap. 13). 

P-Athology (pah-dlol'-oh-gee). The study of disease, especially 
structural and functional changes that result from disease pro
cesses (Chap. 13). 

Pellicle (pd'-uh-kul). As used .in this book, a thickened outer 
membrane possessed by certa.i:n protozoa (Chap. S). 

Feme Inflamm.atoty Disease (PID). An acute or a chronic inflam
mation .in the pelvic cavity, usually referring to infection of the 
female genital tract (Chap. 17). 

Pemcimnase, An enzyme that destroys the ~lactam. ring in penicillin 
molecules; a type of fl-lactllm2se (Chap. 9). 

Pentose. A monosaccharide containing 1ive carbon atoms (Chap. 6). 
Peptide Bond. The name given to the content bond that holds 

amino acids together in protein molecules (Chap. 6). 

Pepticloglyan (pep'-tuh-doh-gly'-kan). A complex: structure 
found in the cell walls of bacteria, consisting of carbohydrates 
and proteins (Chap. 3). 

Pericarditis (per -c:c:-kar-dy' -tis). Infimmlation of the pericardium 
(the membrane or sac around the heart) (Chap. 17). 

Periodonw (purr'-ee-oh-don•-tul) I>Ueue. Disease around the 
teeth (Chap. 17). 

Periodontitis (purr'-ee-oh-don-ty'-tis). Inflammation or infection 
of the ptriotlrnttium (tissues that surround and support the teeth) 
(Chap.17). 

PeritrichODS (peh-rit' -ri-kus) Bactc:rium. A bacterium that possesses 
flagella over its entire surface (Chap. 3). 

Peromome (per-ok!-Nh-som.e). A membrane-bound organelle 
found in eubryotic ceUs, within which hydrogen peroxide is both 
produced and degraded (Chap. 3). 

Pertwlsis (purfl-tus' -is). Synonym for whooping cough; a bacterial 
respiratory disease caused by Brwrlettlltl ptf'tfiSSis, a Gram-negative 
bacillus (Chap. 19). 

~ (pc:a•-tree) Dish. A shallow, circular container made of thin 
glass or clear plastic. wi1h a loosely fitting, cm:rlapp.i:ng cover; used 
.in microbiology laboratories !or cultivation of microorganisms on 
solid media (Chap. 1). 

pH. The degree of acidity or alkalini.ty of a solution (Chap. 8). 
Phagocyte(~ -oh-site). A cell capable of ingesting bacteria, yeasts, 

and other particulate matter by phagocytosis; amebae and certa.i:n 
leukocytes are examples of phagocytic cells (Chap. 3). 

Gloesary 441 

Phagocytosis (fag> -oh·sigh·toe•-sis). Ingestion of particulate matter 
involving the use of pseudopodia to surround the panicle (Chap. 3). 

Phagolysosome (fag-oh-1)" -soh-sohm). A membrane-bound vesicle 
formed by the fusion of a phagosome and a lysosome (Chap. 1 5). 

Phagosome (fag> -oh-sohm). A membrane-bound vesicle containing 
an ingested panicle (e.g., a bacterial cell); found in phagocytic 
cells (Chap. IS). 

Pharyngitis (far-in-ji' -tis). Inflammation or infection of the throat; 
sore throat (Chap. 17). 

Plwe-Contrast: Microscope. A type of compound light miaoscope 
that can be used to obsem: unstained living mittootganis.ms (Chap. 2). 

Phenotype (fee' -no-type) • .Mani!estation of a genotype; all the 
attributes or characteristics of an .individual (Chap. 7). 

Phospholipid (fos•-foh-Jip•-id). A lipid conta.i:n.i:ng glycerol, fatty 
acids, a phosphate group, and an alcohol; glycerophospholipids 
(also called pbosphoglyceridu) and sph.i:ngolipids are examples 
(Chap.6). 

Photoautotroph (foh'-toe-aw'-toe-trof). An organism that uses 
light as an energy source and carbon dioxide as a carbon source; 
a type of autotroph (Chap. 7). 

Photoheterotroph (foh•-toc-het'-e11-oh-trot). An organism that 
uses light as an energy source and organic compounds as a carbon 
source; a type of heterotroph (Chap. 7). 

Photomittograph. Photograph taken through the lens system of a 
compound light microscope (Chap. 2). 

Photosynthesis (foe-toe-sia!-1huh-sis). Chemical process by 
which light energy is converted into chemical energy; an organ
ism that produces organic substances .in this manner is said to be 
photosyntbttk (Chap. 3). 

Pbotottoph (foh'-toe-t:rof). An organism that uses light as an 
energy source (Chap. 7). 

P~logist (fy-kol•-oh-jist). One who specializes .in the science 
of phymlogy (Chap. 1). 

P~logy (fy-kol'-ob-gee). The study of algae (Chap. 1). 
P~tmic:o«is (fy'-koh-tos:-ub-c:oh-tis), pL ph:ywtox:ic:oses. A 

miaobial intoxication caused by a pbycotoJin (Chap. S). 
Phymtm:iDs (fy' -ko-tm:-irlz). Toxins produced by algae (Chap. 5). 
Phytoplanborl (fy'-toh-pfank•-toD). MicrO&Copic marine plants 

and algae that are components of plankton (Chap. 1 ). 
Piezopbile (peez'-oh-file). An organism that thrives under high 

environmental pressure; such an organism is said to be piezqpbilie 
(Chap. 8). 

Pili (py-ly), sing. pilus. Hairlike surface projections possessed 
by some bacteria (called pililltd IHiamil); most are organelles of 
attachment; also called jimbri.lle; certain specialized pili are called 
su pili (Chap. 3). 

Pinoc:ytosis (pin' -ob-sigh-me• -sis). A process resembling phago
cytosis but used to engulf and .ingest liquids rather than solid 
matter (Chap. 5). 

Plague (playg). A bacterial disease cawed by YminiA pestis, a 
Gram-negative bacillus; transmitted by rodent fleas (Chap. 19). 

Plankton (pl:mk'-ton). Microscopic organisms .in the ocean that 
serve as the starting point of many food chains (Chap. 1). 

Pluma (plaz'-m.uh). The liquid portion of circulating blood (Chap.13). 
Plasma (plaz' -muh) Cell. An antibody-secreting cell produced by 

a stimulated B cell (Chap. 16). 
Plasmid (plaz• -mid). An emachromosomal genetic dement; a 

molecule of DNA that can function and replicate while physically 
separate from 1he bacterial chromosome (Chap. 3). 

Plasmolysis (plaz-m.oll•-uh-sis). Cell shrinbge as a result of a loss 
of water from the cell's cytoplasm (Chap. 8). 
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Plasmoptysis (plaz..mop• -tah-m). The escape of cytoplasm from 
a rupt:urcd cell (Chap. 8). 

Plastid. A membrane-bound organelle containing photDsynthetic 
pigment; plastids are the sites of photosynthesis; a chloroplart is a 
plastid that cont2ins chlorophyll (Chap. 3). 

Plcom.orpbism. (plce~-more• -fizm). Emling in more than 
one form; aho mown as polyrmwpbism; an organism that exhibits 
pleomorphism is said to be pkqmqrphk (Chap. 4). 

Pneumonia (new-mow'-nee-uh). Inflammation of one or both 
lung~ (Chap. 17). 

Polymer (pot•-uh-mer). A large molecule consisting of repeating 
subunits; nucleic acids, polypeptides, and polysaccharides are 
CDmples (Chap. 6). 

Polymicrobial Infection. An infection caused by the conelate<l action 
of two or more microorganisms; also known as a~ inftaitm; 
examples include trench mouth and hactaial nginosis (Chap. 1 0). 

Polypeptide (pol-ce-pep•-tide). A protein consisting of more 
thm three amino acids held together by peptide bonds (Chap. 6). 

Po1yribosomes (pol-ee-ry'-boh-somz). Two or more ribosomes 
connected by a molecule of messenger RNA (mRNA) (Chap. 3). 

Polysacdwide (pol-ee-sac:k!-uh-ride). Carbohydrate consining 
of marry mgar units; glycogen, cellulose, and swch are e:omples 
(Chap.6). 

Polyunsaturated Fatty Acid. A fatty acid containing more than one 
double bond (Chap. 6). 

Population Growth Carre. A graph representing changes in the 
number of viable bacteria in a population over time; col1!1l'Uctcd 
by plotting the logarithm (log1o) of the number of viable bacteria 
(on the vertical or y-am) against the incubation time (on the 
horizontal or X'-Uis) (Chap. 8). 

Potassium llydralide Prepar.uicm. A laboratory procedure primarily 
used tD observe fungal elements in skin scrapings,IWr clippings, 
and nail clippings; usually referred tD as the KOH prep (Chap. 20). 

Preliminary Report. Any report fumished by the labotatory befOre 
publication of the final report (Chap. 13). 

Preftle:ru::e. The number of cases of a particular disease existing in a 
given population during a specific period of time (period prewlence) 
or at a particular moment in time (point prevalence) (Chap. 11). 

Primary .Atypkal Pneumonia. An older term for mycoplasmal pneu
monia; caused by the bactcrimn,Myropl.tmtul pMtiiiWfliM (Chap. 19). 

Primary lafi:ction. The initial disease; often creates the conditions 
that lead to a secondary disease; if the primary disease is an infection, 
it is referred to as a primllry illftaion (Chap. 14). 

Primary :Responae. The immune response that occurs the fu:st time 
an antigen enterJ a person~ body (Chap. 16). 

Prions (pree' ~). Infectious protein molecules (i.e., proteins 
capable af causing certain dimses of animals and humans) (Chap. 4). 

P:ro'kacyodc: (pro'-kar-eo-ah!-1ick) Cells. Cells lacking a true 
nucleus; organisms contisting of such cells are referred to as pro
htryotes; can also be spelled procaryotic (Chap. 3). 

Prophage (pro•-faj). During lysogeny, all that remains of the 
infecting bacteriophage is its DNA; in this form, the bacteriophage 
is referred to as a prophage (Chap. 7). 

Prophylacac: (pro'-ii.Jh-lak'-tick) Agent. A drug used to prevent 
a disease (Chap. 9). 

Prophylu:is (pro-fuh-Iak.>-sis). Prevention of a disease or a process 
that can lead to a disease (e.g., taking antimalarial medication in 
a malarious area) (Chap. 9). 

P.rostaglaru:li (pros-tuh-glan'-dinz). Physiologically active 
tissue substances that cause many effects, including vasodilation, 
vasoconsttiction, and stimulation of smooth muscle (Chap. 15). 

Pro.st:a.Dti.s (pros-tuh-ty>-tis). Inflammation or infection of the 
prost2te (Chap. 17). 

Prostration (pros-ttay'-shun). Significant loss of strength; the 
patient if prostrate (lying fiat) (Chap. 13). 

Proteetive Antibodies. Antibodies that protect an individual from 
infection or reinfection (Chap. 16). 

Plol!tctive Envirou:au:nts. Hospital rooms for placement of patients 
who a.re especially vulnerable to infection; Protective Environments 
are under positive pressure, and vented air that enters the.te rooms 
passes through HEPA filters (Chap.12). 

Proteins (pro' -teeDS). Macromolecules consisting of two, three, or 
more amino acids (Chap. 6). 

Protists (pro'-1ists). Members of the Kingdom Protista; includes 
algae and protozoa (Chap. 3). 

Protoplasm (pro'-toe-plazm). The semiB.uid matter within living 
cells; cytqp/4Jm and 11.t«koplasm are two typea of protoplasm (Chap. 3). 

Protozoa (pro-toe--:r.oe' -uh), sing. protozoan. Eubtyotic micro
organisms frequently found in water and soil; some are pathogens; 
usually unicellular (Chap. 5). 

Protozoologist (pro•-toc-zoc-ol'-oh-jist). One who specializes 
in protozoology (Chap. 1). 

Protozoology (pro' -toe-zoe-ol' -oh-gee). The study of protozoa 
(Ch.ap.l). 

Pseudohypha (su-doh-hy-fuh), pl. pseudohyphae. An elongated 
string of yeast buds (Chap. S). 

Pseudomembranous (soo-doe-mem• -bran-us) Colitis (koh-ty -tis). 
Inflammation of the intestinal mucosa, with the formation and 
passage of pseudomembranous material in the stools; often a 
consequence of antibiotic therapy; most often caused by a cyto
tmin produced by CklttridWm dijficik, an anaerobic. spore-forming 
Gram-positive bacillus; also called ps~011S enterocolitis 
(Chap.19). 

Pseudom.cmicicW (N'-doh-m.oan-uh-$ide' -ul) Agent. A drug or 
disinfect:mt that kills P~ spp. (Chap. 8). 

Pseudopodium (su-doe-poh•-dee-um). pL pseudopodia. A 
temporary atension of protDplasm that is c:m:nded by an ameba 
or a leukocyte for locomotion or the engulfment of particulate 
matter; also called a~ (Chap. S). 

Psyehroduric: (sigh-krow-dur'-ick) Organisms. Organisms able 
to endure very cold temperatures (Chap. 8). 

Psyc:hrophile (sigh• -krow-file). An organism that grows best at a 
low temperat:urc (0°C-32°C), with optimum growth occurring at 
1 S°C to 20°C; such an organism is said to be psyt:bropbilit (Chap. 8). 

Psydttottoph (si;b!-krvw-ttot). A psychrophile that grows best 
at refrigerator temperature (40C); such an organism is said to be 
psydnotrophk (Chap. 8). 

Pure Culture. When only one type of organiam is growing on or in 
a culture medium in the laboratory; no other types of organisms 
are present (Chap. 1). 

Purine (pme•-CCD). A double-ringed nittogenous base found in 
certain nucleotides and, therefore, in nucleic acids; adenine and 
guanine are purines found in b01h DNA and RNA (Chap. 6). 

Purulent Emdate. A thick, greenish yellow emdate that cont2ins 
many live and dead leukocyte$; also known as pus (Chap. 1 S). 

Pustale (pus' -c:hul). A small rounded elc:vation of the skin that 
cont:Uns purulent material (pus) (Chap. 17). 

Pyelonephritis (py -uh-low-nef-!T -tis). Inflammation of certain 
areas of the kidneys, most often the result of bacterial infection 
(Chap.17). 

Pyogenic: (py-oh-jen'-ici:). Pus-producing; causing the production 
of pus (Chap. 1 S). 



Pyogenic Microbes. Pathogens that cause pUS<-containing infectious 
processes (Chap. 15). 

Pyrimidine (pi-rim!-uh-deen). A single-ringed nitrogenous base 
foUlld .in cert:l.in nucleotidcs and, therefore, .in nucleic acids; thymine 
and cytOSine are pyrimid.ines found in DNA; cytosine and uracil 
are pyrimid.ines found in RNA (Chap. 6). 

Pyrogen (py' -rob-jeD). A fever-producing substance; also referred 
to as a pyrogtmi& suh!timee (Chap. 14). 

R 
R.-Fartor. A plasmid that contains multiple drug resistance genes; 

a bacterium that posSCS1es an R-factor is multidrug resistant (i.e., 
it is a "superbug"); •R" stands !or resistance (Chap. 7). 

Recepto:t:s. Molecules on the swface of a host cell that a particular 
pathogen is able to recognize and attach to; also known as mttgritu 
(Chap.14). 

Reduction (ree-dulr!-shun). As used .in this book, the gain of one 
or more electron8, thus making the atom more electronegative 
(Chap. 7). 

RegulatoryT Cells. T cells that regulate various aspects of immune 
responses; helper T cells and suppressor T cells are enmples 
(Chap.16). 

Raenoin (rez'-ev-wars) of In&ction. Places where pathogens 
are living and from which they can be ttansmitted to humans; 
reservoirs of infection may be living or noDliving; sometimes 
simply refetted to as~ (Chap. 11). 

Resiclent Microbiota. Members of the .indigenous miaofiora that 
are more or less pennanent residents (Chap. 10). 

Resistance Factor. See R-f~KWr. 

Raolving Power. The ability of the eye or an optical instrument to 
distinguish detail, such as the separation of closely adjacent objects; 
also called ruolt.rtitm (Chap. 2). 

Respiratory Sync:ytial (s:in-sish-shul) VttuS. An RNA virus that 
causes severe respiratory disease in yOUllg children and the elderly 
(Chap.18). 

Reticuloendothelial (ree-ti.ck'-yu-loh-en-doh-dtee'-lee-ul) 
System (RES). A collection of phagocytic cells that includes 
maaophages and cells that line the sinusoids of the spleen, lymph 
nodes, and bone marrow (Ch2.p. lS). 

Ribonucleic: (ry-boe-nc:w-Jdcet-ick) Acid (RNA). A mac
romolecule of which there are three main types: messenger 
RNA (mRNA), ribosomal RNA (rRNA), and transfer RNA 
(tRNA); found .in all cells but only .in certain viruses (called 
RNA viru.ses) (Chap. 3). 

Ribosomal (rye-boh-so'-mul) RNA. (rRNA). The type of RNA 
molecule foUlld with.in ribosomes (Chap. 6). 

Ib'bosomes (ry'-boh-soams). Organelles that are the sites of 
protein synthesis in both prokaryotic and eukaryotic cells (Chap. 3). 

Ringworm hdeetions. See tine11 iwftctitms. 
RNA Nudeotides. The building blocks of RNA; each RNA nu

cleotide consists of a nitrogenous base, ribose, and a phosphate 
group (Chap. 6). 

RNA Polymerase (poh-Jim•-er-ace). The enzyme required for 
transcription (Chap. 6). 

Rough EndoplaJ:mic ReticUlum (RER.). See ttllkp/4smic miaiJum 
(Chap. 3). 

Rubella (roo-bell'-uh) Vll'WI. The virus that causes rubella (German 
measles) (Chap. 18). 

Rubeola (roo-bee-oh'-lah) Vuus. The virus that causes measles 
(Chap.18). 
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SalmooeDosis (sal!-moh-Dd.-oh'-sis). A diarrheal disease caused 

by Gram-negative bacilli in the genus S.~ (Ch2.p. 19). 

SalpiDgitia (sal-pin-JY-tis). As used .in this book, iDflammation of 
the fallopian tube (Chap. 17). 

SaoitizaD.on (s:m!-uh-tuh-zay'-shUD). The process of m2king 
something saniwy (healthful); usually involves reducing the 
number of microbes present to a safe level (Chap. 8). 

Saprophyte (sap'-row-fight). An org.mism that lives on dead or 
decaying organic matter; such an organism is said to be st1pt'Opbytie 
(Chap.l). 

Sat:uraD:d Fatty Acid. A :&tty acid containing no double bonds 
(Chap.6). 

Scanning Electron Micrograph. Photograph tiken through the 
lens~ of a scanning electron microscope (Chap. 2). 

Scanning Electron Microscope. A type of electron miaoscope; 
enables the operator to observe the outer surfaces of specimens 
(i.e., to observe surface detail) (Chap. 2). 

Sebi&Ceou.s (seb-ay'-shous) Gland. An oil gland located .in the 
dermis (Chap. 17). 

Sebum (see' -bmn). The oily secretion produced by sebaceous 
glands of the skin (Chap.17). 

Secondary 1Df1:c:tion. A disease that follows an .initial disease; if 
the secondary disease is an infect:i.on, it is referred to as a seto'I'IIJ#ry 
mfoaK!n (Chap.14). 

Secoudary Raponae. The immune response that occurs dle second 
time an antigen enters a person's body; also known as a 1M11II»'Y 
rupon.rt or an ~m~~Phyl4Ctic retprmse (Chap. 16). 

Selectm: Medium. A culture medium that allows a cert:ain organism 
or group of organisms to grow while inhibiting growth of all other 
organisms (Chap. 8). 

Select:iw: Permeability. An attribute of membranes whereby only 
certa.in substances are able to cross the membranes (Chap. 3). 

Semisynthetic Antibiotic. An antibiotic that has been chemi
cally altered, usually to increase the drug's specttum of activity 
(Chap. 9). 

Sepsis. The presence of pathogens or their toxins in the bloodstream; 
often used as a synonym for septiCf!mill (Chap. 8). 

Septate Hyphae. Hyphae that contain septa (cross-walls) (Chap. S). 

Septic: Shock. A type of shock resulting from sepsis or septicemia 
(Chap.14). 

Septicemia (sep-tah-see' -me-uh). A serious disease consisting of 
chills, fever, prostration, and the presence of pathogeWJ or their 
tm:ins .in the blood (Chap. 13). 

Serologic (se11-oh-loj'-ick) Procedures. Immunodiagnostic test 
procedures performed on serum (Ch2.p. 16). 

Serology (suh-rol'-oh-jce). A branch of science concerned with 
serum and serologic procedures (Chap. B). 

Serum (eeer'-um), pL eera. The liquid portion of blood thatremaiWJ 
after coagulation (clotting) (Chap. B). 

Severe Acute Re.tpiratoty Syndrome (SARS). A pulmonary disease 
caused by SARS coronavirus (SARS-CoV) (Chap.18). 

Sa: Pilus. A specialized pilus that plays a role .in bacterial conju
gation (Chap. 3). 

Sc:m.al Reproduction. In this type of reproduction, two parents give 
rise to offspring that have unique combinatioWJ of genes inherited 
from bodl parents (Chap. 3). 

Shigellosis (shig-uh-loht-sis). A diarrheal disease caused by 
Gram-negative bacilli .in the genus Shigt!JR (Ch2.p. 19). 
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Shingles. A painful nerve disease caused by reactiv:ation of varicella 
virus (chickenpox virus) (Chap. 18). 

Shock. A sudden, often severe, physiC2l or mental disturbance, 
usually resulting from low blood pressure and a lack of oxygen in 
organs (Chap. 14). 

Signs of a Disease. Abnormalities indicative of disease that are dis
covered on CIIUIIination of a patient; objective findings; examples 
include abnormal laboratory results; abnormal heart or breath 
sounds; lumps; abnonnalities revealed by radiographs, computed 
tomographic scans, magnetic resonance imaging, electrocardiog
raphy, and ultrasound (Chap.14). 

Silent Mutadon. A mutlltion that is neither beneficial nor harmful 
to the mutllnt organism; the organism is unaware of the mutation; 
also called a fU1Ittrll mut/ltiqJt (Chap. 7). 

Simple Microscope. A microscope conWning only one magnifying 
lens (Chap. 2). 

Simple Stti:n. A single dye that is used to stain objec13 (e.g., bacterial 
oclls), enabling scientists to gain information about the object3 
(e.g., size and shape) (Chap. 4). 

Single Bond. A type of chemical bond containing one pair of shared 
electrons (Chap. 6). 

Sinusitis (sigb.-neu-sigb! -tis). Inflammation of the lining of one 
or more of the paranasal siDUJCS (Chap. 17). 

Slime Layer. An unorganized, loosely attached layer of glyoocalyx 
surrounding a ba~ cell (Chap. 3). 

Slime Mould. A eubryotic organism. having characteristics of 
protozoa and fungi; there are two types: cellular and acellular 
slime moulds (Chap. S). 

Smooth Endoplasmic Reticulum (SER). See~miadtmJ. 

Solute (sol'-yute). The dissolved substance in a solution; for 
example, sucrose (table sugar) when it is dissolved in water 
(Chap. B). 

Solation (soh-loo'-sbun). A homogeneous molc:cular milture; 
generally, a subst:mce dissolved in water (re&:rted to as an aqueous 
solution); solute plus solvent (Chap. 8). 

SoJ.cnt (sol'-vent). A liquid in which another substance dissolves 
(Ciup.S). 

Spedes (spe' -shez), pl. species. Aspeci1ic member of a given genus 
(e.g., Ercherichia toli is a species in the genus Erdmichia); the name 
of a particular 'Pccies consists of two pam-the generic name ("the 
first name") and the 'Peciiic epithet ("the second name"); singular 
species is abbreviated sp., and plural species is abbreviated spp. 
(Chap. 3). 

Specific Epithet. The second part ("second name") is the name 
of a species; the specific epithet cannot be used alane (Chap. 3). 

Specific Host Defense Mechanisms. Host defense mechanisms 
directed against a epecittc invading pathogen; synonym for the 
immune system or the third line of defense (Chap. 1 S). 

Spirochetes (spy' -roh-h:eu). Spiral-shaped bacteria (e.g., T~ 
ptlllitlum, the causative agent of syphilis) (Chap. 3). 

Splenomegaly (splen-oh-meg'-uh-lee). Enlargement of the 
spleen (Chap. 21). 

Sporadic (tpah-rad' -ick) Disease. A disease that occurs occasionally, 
usually affecting only one person; neither endemic nor epidemic 
(Ciup.ll). 

Sporic:ldal (spor-ub.-Ggb' -dall) Agent. A chemical agent that kills 
spores; a sporicilk (Chap. 8). 

Sporulation (spor'-.,.au-lay' -shun). Production of spores (Chap. 3). 

Spotted Fever Ric:ketuiosis. Formerly called Rocky Mount2in 
spotted fever; a bacterial disease caused by Ridtettsia ridtmm, an 
obligate intracellular pathogen (Chap. 19). 

Sputum. Pus thataocum:ulates in the lungs of patients with lower respi
ratorytn.ctinfections,such as pneumonia and tuberculosis (Chap.13). 

Standard Precautions. Safety precautiOJlS taken by health care 
workers to protect themselves and their patients from infection; 
these precautions are taken for tdJ patients and 1111 patient spec
imens (body mbstmces); includes safety precautions previously 
referred to as universal precautions or UDiversal body substllnce 
precautions (Chap. 12). 

Saphylococci. (st:df'>-eh-low-kok'-sigh). Cocci arranged in clusters, 
such as in the genus St~~pbyl«ottut (Chap. 4). 

Saphylokinase (staf'-uh-low-k.y'-Dac:e). A kinase produced by 
Stnpt«rKtfJ~ t.JrmNS (Chap. 14). 

Starch. A polysaccharide storage material found in plants (Chap. 6). 

Stationary Phase. The part of a bacterial growth phase during which 
organisms are dying at the same rate at which new organisms are 
being produced; the third phase in a bacterial growth curve (Chap. 8). 

STD. Semally transmitted diseue (Chap. 17). 

Sterile (stir' -ill). Free of all living microorganism$, including spores 
(Chap. B). 

Sterile Techniques. Techniques used in an attempt to create an 
environment that is sterile (devoid of microbes) (Chap. 8). 

Steriliution (stir-uh-luh-uy'-drun). The destruction of till mi
crobes in or on something (e.g., on surgical instruments) (Chap. 8). 

Stigma. A photo sensing (light sensing) organelle; also known as an 
eyupot (Chap. S). 

Streptobacilli (strep'-10h-bah-siD'-eye). Bacilli amn.ged in chains 
of varying lengths (Chap. 4). 

Stleptoc:oc:d. (strep'-toh-lmk'-sigh). Cocci arranged in chains of 
varying lengths, such as in the genus St:rtptotoa;w (Chap. 4). 

Streptokinase (strep'-toh-ky'-nace). A kinase produced by 
streptoCOcci (Chap. 14). 

St:rw.:t.ur.d St2ining Proc:edares.. Staining procedures used to stain 
bacterial structures, such as capsules, flagella, and endospores (Chap. 4). 

Sty (Stye). Inflammation of a sebaceous gland that opens into a 
follicle of an eyelash (Chap. 17). 

Subclinical Disease. See IIIJ'IIPtflmlltic dirt.tut. 

Subrttate (sub' -m:..yt). The chemical substllnce that is acted upon 
or changed by an enzyme (Chap. 6). 

Subunit Vaa:ine. A vaccine that uses antigenic (antibody-stimulating) 
portions of a pathogen, rather than using the whole pathogen; also 
known as an ~~allultw 'f1III'.Ci1le (Chap. 16). 

"Superbugs!' Term originated by the press referring to especially 
drug-resimn.t or multidrug-resistant microbes (Chap. 9), 

Superinfection (sue'-pe:Mn-fek'-shun). An overgrowth or 
population explosion of one or more particular pathogens; often 
pathogens that are resistant to an antimicrobial agent that a patient 
is receiving (Chap. 9). 

Surgical Aseps:i.t. The absence of microorganisms in a surgical 
environment (e.g., an operating room) (Chap. 12). 

Surgical Aseptic Tc:dmiques. Procedures followed and steps tala:n 
to ensure surgical asepsis (Chap. 12). 

Symbionu (sim'-bee ontz). The parties in a symbiotic relationship 
(Chap.lO). 

Symbiosis (sim-bee-oh'-sis). The living together or close associ
ation of two dissimilar organisms (usually two diffi:rent species) 
(Chap.lO). 

Symptomatic DiHase. A disease in which the patient experiences 
symptoms (Chap. 14). 

Symptoms of a Disease. Indications of disease that are e:zperienced 
by the patient; subjective; examples include aches and pains, chills, 
blurred vision, and nausea (Chap. 14). 



Synergism (sin• ·eJ:Iojiz..um). When two or more drugs work together 
to accomplish a cure nte that is greater than either drug could 
accomplish by iuelf (Chap. 9). 

Synergistic (sin-es--jis' -tik) Infe.c:tion. An infection caused by the 
correlated action of two or more microorganisms; also known as a 
po/ymit:t'obW info:titm; enmples include trench mouth and bacterial 
vaginosis (Chap. 10). 

Synergistic Relaticmsbip. A symbiotic relationship in which two 

or more microorganisms work together to accomplish a task (e.g., 
to cause a synergistic infection) (Chap. 10). 

Syphms (sir -uh-lis). Asemallytrmsmitted bacterial disease caused 
by the spirochete Trtponmu~ JHilli4um (Chap. 19). 

Systemic Infection. An infection that lw spread throughout the 
body; also known as a genmdizul inftt:tim (Chap. 14). 

T 
T Cdls (I' Lymphocytes). A category of leukocytes that play a 

variety of importmt roles in the immune system (Chap. 16). 

T-Dcpendeat Antigens. Antigens that require T-helper cells for 
their processing in the body (Chap. 16). 

T-Independc:Dt ~115. Antigens that do not require T-helper 
cells for their processing- in the body (Chap. 16). 

Taz:a. sing. tama. The names given to various groups in tuonomy; 
the usual t:ua are kingdoms, phyla (or divisions), classes, orders, 
families, genera. species, and subspecies (Chap. 3). 

Taxonomy (tak-sawn'-oh-me). The systematic classttication of 
living things (Ciup. 3). 

Teichoic (tie-ko'-ick) Adds. PolymeB found in the cell walls of 
Gnm-positive bacteria (Chap. 4}. 

Temperate Bacteriophage. A bacteriophage whose genome incor
porates into and replicates with the genome of the host bacterium; 
also known as a lysogmic bilaeriopbagt (Chap. 4). 

Thtmosp:amrin (~-uh-noh~·min). The neurotoxin produced 
by C/4rtridium tettmi that causes teWlus (Chap. 14). 

Tetanus (te~-uh-nus). A bacterial disease of the central nervous 
system caused by a neurotozin produced by Cl4ttridium tttlmi, 
an anaerobic, spore-forming Gnm-positive bacillus (Chap.19). 

Tetrad. A packet of four cocci (Chap. 4). 
Tetrose. A monosaccharide containing four carbon atoms (Chap. 6). 
Thermal Death Point (fDP). The temperature required to kill all 

microorganisms in a liquid culture in 10 mintttes at pH 7 (Chap. 8). 

Thermal Death Time (TDT). The length of time required to 
kill all microorganisms in a liquid culture at a given tempenture 
(Chap. 8). 

Thermophile (ther'-mow-file). All organism that thrives at a 
tempentw:e of 50°C or higher; such an organism is said to be 
tbemwpbili& (Chap. 8). 

Th:ruth. All oral infection caused by the yeast Cllflllid# IIIIJiums 
(Chap.20). 

T'mea (tin'·ee-uh) Barbae. A fungal infection of the beard and 
moustache (Chap. 20). 

T'mea Capitis. A fungal infection of the salp, eyebrows, and eye
lashes (Chap. 20). 

T'mea Corporis. A fungal infection of the face, trunk, and major 
limbs (Chap. 20). 

T'mea Cruris. A fungal infection of the groin and perineal and 
perianal areas (Chap. 20). 

T'mea IDfec:tiona. Fungal infectiObS of the skin, hair, and nails; also 
called riwJ(IJXI"11I illftaitms; named for the part of the body that is 
affected (Chap. 20). 
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T'mea ~. Also called lllhlett's foot; a fungal infection of the soles 
of the fuet and between the toes (Chap. 20). 

Tinea Unguium. A fungal infection of the nails; also called O'llfjcho-
11TJ&OS'is (Chap. 20). 

Tozemia (tok-see'-mc-uh). The presence of toJins in the blood 
(Chap. B). 

Tmig.:nic: (tok.'-suh-jea-ik). The ability to produce 1.'0%in; ami
croorganism capable of producing a toxin is said to be toxigmu 
(or tw&Ttwgmu) (Chap. 14). 

Toxin (tok'-sin). As used in this book, a poiSObous substance pro
duced by a microorganism (Chap. 1). 

Toxoid (tok'-soyd). A toxin that has been altered in such a way as 
to destroy its toxicity but retain its antigenicity; certain toxoids 
are used as vaccines (Chap. 16). 

TomidVaccin.e. A vaccine prepared from a tm:oid (Chap. 16). 
Tr.achoma (t:ruh-koh'-muh). A bacterial eye disease caused by 

CblttmyJU tn1Cbllllf6tis, an obligate intracellular pathogen (Chap. 19). 
Tr:msc:ription (tran-skrip•-shun). Tnnsfer of the genetic code 

from one type of nucleic acid to another; usually, the synthesis of 
an mRNA molecule using a DNA template (Chap. 6). 

Transduction (t.l'IU15-duk.' -shun). Transfer of genetic material (and 
its phenotypic expression) from one bacterial cell to another via 
bacteriophages; in gmeralizd ~.the transducing bacte
riophage is able to transfer any gene of the donor bacterium; in 
specialked tnmJduaitm, the bacteriophage is able to transfer only 
one or some of the donor bacterium\ genes (Chap. 7). 

'fnDsfer RNA (tRNA). The type of RNA molecule that is capable 
of combining with (and thus activating) a specific amino acid; in
volved in protein synthesis (translation); the anticodon on a tRNA 
molecule recognizes the codon on an mRNA molecule (Chap. 6). 

Transferrin (tr:m5-fl:r'-in). A glycoprotein, synthesized in the liver, 
used to store iron and deliver it to host cells (Chap. 15). 

Transformation (traDS-fot-.may'-shun). In microbial genetics, 
transfer of genetic information between bacteria via uptake 
or absorption of naked DNA; bacteria capable of absorbing 
naked DNA from their environment are said to be eompmm 
(Chap. 7). 

Transient Bacteremia. A temporary bacteremia (Chap. 17). 
Transient Microbes. Temponry members of the indigenous mi

croflora (Chap. 1 0). 

Tnmlation (tr.ms-lay' -shan). The process by which mRNA. tRNA, 
and n'bosomes effect the production of proteins &om amino acids; 
translation is also .known as protem synthesis (Chap. 6). 

Transmission-Based Precmtions. Safety precautiObS t2ken by 
health care workeB, in addition to standard precautions, to protect 
themselves and their patients from infection via airborne, contact, 
or droplet routes of transmission (Chap. 12). 

Transmission Electron Micrograph. Photograph taken through 
the lens system of a transmission electron microscope (Chap. 2). 

Tt:mamisllion Electron MiCI"'SCllpe. A type of electron microscope 
in which electrons are t:ransm.itted through very thin sections of 
specimens; enables the operator to observe internal detail (Chap. 2). 

Trematodes (trem•-uh-toadz). A category of flatworms; often 
refi:rred to asj~Uts (Chap. 21). 

Trench Mouth. Synonym. for acute necrotizing ulcerative gingivitis 
(ANUG); also called Vmcmt ~mgiu; involves painful, bleeding- gums 
and tonsils, erosion of gum tissue, and swollen lymph nodes beneath 
the jaw; a synergistic infection involving two or more species of 
anaerobic bacteria of the indigenous oral microfiora (Chap. 19). 

Triglyceride (tty-glil' -efl-ide). A lipid that is composed of glycerol 
(a three-carbon alcohol) and three f.atty acids; f.ats and oils are 
enmples (Chap. 6). 
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Triose. A monosaccharide containing three carbon atoms (Chap. 6). 

Tripeptide (tty-pc:V-ude). A protein consisting of three amino 
acids held together by peptide bonds (Chap. 6). 

Triple Bond. A type of chemical bond containing three pairs of 
shared electrons (Chap. 6). 

Trophozoite (trof-oh-r-.oe'-ite). The motile, feeding, dividing stage 
in a prot"OWan's life cycle (Chap. S). 

'IUberculocidal (too-bur' -kyu-low-sigh' -dull) Agent. A chemical 
or drug that kills the bacterium that causes tuberculosis (Myeob«
urium ~);also known as a~ (Chap. 8). 

'Thiaremia (txao-luh-ree'-me-uh). A bacterial disease caused by 
Fnmtirtllll ~.a Gram-negative bacillus (Chap. 19). 

'!Ynd:illization (tin-dull-uh-ay' -sh.UD). A process of boiling and 
cooling in which spores are allowed to germinate and then the 
vegetative bacteria are killed by boiling again (Chap. 3). 

Typhoid F~r. A bacterial disease caused by Stllnumellll typbi, a 
Gram-negative bacillus (Chap.19). 

u 
Ubiquitous (you-bik'-wah-tus). Present everywhere (Chap. 1). 
Ureteritis (you-ree-ter-eye'-m). Inflammation or infection of a 

ureter (Chap. 17). 
Urethritis (you-ree-thry'-tis). Inflammation or infection of the 

urethra (Chap.17). 

v 
Vaa:ine (v:ak' -seeD). Any preparation that, after injection (or iDgcs

tiOD., in some cases), produces active acquired immunity (Chap. 16). 
Vac:dnia (wk-sin'-ee-uh) V11US. The virus that causes cowpo:r. 

(also known as Vll«ini#); used in a vaccine to convey resistance to 
smallpox (Chap. 18). 

Vaginitis ('91\j-uh-ny'-U.S). Inflammation of the vagina (Chap. 10). 

Vaginoais (wg-uh-no' -sis). Infection of the vagina, with no inJlux 
of leukocytes (Chap. 10). 

Varicella (VIU'-Ub.-sell'-uh) 'Virlls. The virus that causes chic.kenpo:r. 
(also known as Wlria/111) and shingles (Chap. 18). 

Variola ('VIU'-ee'-oh-luh) Vll'UB. The virus that catllleS smallpox (also 
known as wtrM•) (Chap. 18). 

Vasoc:onstriction ("fay'-so-kon.-strik'-shun). A decrease in the 
diameter of blood vessels (Chap. 1 S). 

Vasocfiladon (-vay'·80h-die-lay'-shun). An increase in the diameter 
ofblood vessels (Chap.lS). 

Vec:tors (wk'-tour). As used in this book, invertebrate animals 
(e.g., ticks, mites, mosquitoes, and :fleas) capable of transmitting 
pathogens among vertebrates (Chap. 4). 

Vegetative Hyphae. Hyphae that lie below the surface of whatever 
a fungal mycelium is growing on (Chap. 5). 

Vuble Plate Count. A laboratory technique used to determine the 
number of living bacteria in a milliliter of liquid; involves the use 
of plated media (Chap. 8). 

Vmal. Rhinitis (ryw:-ny' -tis). A synonym for the common cold 
(Chap.18). 

Vuemia ('fy-ree'-me-uh). The presence of viruses in the blood 
(Chap.13). 

VIricidal (vy-ruh-sigh'-duJI) Agent. A chemical or drug that 
inactivates a virus, rendering it noninfectious; can also be spelled 
vinlcii4lagmt; also known as a viricjJe or a virrll:ilk (Chap. 8). 

VIrion (wc:r'-c:CHm). A complete, infectious viral particle (i.e., a 
virus that contains all of its parts) (Chap. 4). 

Vll'Oid.s (vi' -roydz). Inlectious RNA molecules (i.e., RNA molecules 
capable of causing ccrt2in plant diseases) (Chap. 4). 

Vtt0logist (vi-rol'-oh-jist). One who studies orworb with viruses 
(Ch.ap.l). 

Vtt0logy (vi-rol' -oh·gee). A branch of science collCCmed with the 
study of viruses (Chap. 1). 

Vuome (vye-rome). All of the viruses that are present on and in 
the human body (Chap. 10). 

Vttulen.ce ("feel"-u-lenz). A measure of pathogenicity (i.e., $0DlC 

pathogeus are more or less virulent than others) (Chap. 14). 
Vll'Ulence Factors. Attributes or properties of a microorganism that 

contribute to its virulence or pathogenicity (e.g., certain em enzymes 
and tolins produced by pathogenic bacteria) (Chap. 14). 

Vuulent Bacteriophage. A bacteriophage that regularly causes 
lysis of the bacteria it infects; causes the lytic cycle to occur 
(Chap.4). 

Vo:ulent ('ft:el"-ya.-lc:nt) Strains. Strains that are pathogenic; capable 
of causing disease (Chap. 14). 

Vu:uses (vi' -rus-ez), s!Dg. virus. Acellular microbes that are smaller 
than bacteria; obligate intracellular parasites; sometimes referred 
to as illftaiow ptn'tidu rather than microbes (Chap. 4). 

Vulvovaginitis (vul'-wh-wj-uh-ny'-tis). hUiammation. of the 
vulva (the enema! gcnit:illa of women) and the vagina (Chap.17). 

w 
Wandering Macropbagcs. Macrophages that migrate in the 

bloodstream and tissues; sometimes called free m4t:'f'Oj)bagu 
(Chap.1S). 

Wues. Lipids consisting of a saturated fatty acid and a long-chain 
alcohol (Chap. 6). 

White Piedra. A fungal hair infec:tion usually caused by the mould 
TridJosporrm btigdii (Chap. 20). 

z 
Zika (zee-kuh) Vuus. An RNA virus that may cause birth defects 

following iD!ccti.on du.ring pregnancy (Chap. 18). 
Zoonoses (zoh-ob.-no' -seez), sing. zoonosis. Infectious diseases 

transmissible from animals to humans; also .known as ZQflfWtU 
dirwu (Chap. 11). 

Zoopla:akton (zoh'-oh-plabk'-ton). Microscopic marine UJimals 
that are components of plankton (Chap. 1 ). 
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relationship with ADP and AMP, 114, 

114 
Menmirnses, 47t, 48 

CNS infection of, 332, 351t 
conpxn~tis,342,342t 

gastrointestinal infection of, 346 
respiratory infection of, 323, 343, 344t, 

365 
u vector in gene therapy, 125 

).udhednB,267,267,303 
Adrenal hormones, 97 
Ades MKJPii mosquito,416, 417, 417 
Ades mosquito, 190, 3 52t 
Aerial byphse, 79,82 
Aerobes,9, 145 

microaerophilic, 65~6, 66 
obligate, 65~6, 66, 133,136-137,117 

Aerobic respiration, of glucose, 115- 117 
~rantanaerobes,65~7,66 
African sleeping sickness (trypanosomiasis) 

antigenic vuiation io, 273 
causative agent of, 75, 77, 78, 171, 4llt, 

413 
treatment o~ 150, 159t 
as zoonotic disease, 196t 

Agammaglobulinemia, 312-313 
Agar, 74, 134, 135-136 

blood, 135-136, 116 
brain-heart infusion, 140 
chocolate, 13 S 
colistin-nalidmc acid, 13 5-136 
inoculation o~ 137, H7 
MacConby, 135-136, 136 
mannitol salt, 136,116 
~-~,136,248 
phenylethyl alcohol, 135-136 
Sabouraud dextrose, 140,253 
~~.136,248 

Age, and host defenses, 288t 
Agglutination testing, 314, 31St, 316,116 
Agricultural microbiology, 179-182 
AIDS (See Acquired immunodeficiency 

syndrome) 
AIIR (See Airborne infection isolation 

room) 
Air, as reservoir of infection, 198 
Airborne infection isolation room (AIIR), 

230,232 
Airborne Precautions, 228t, 230, 232, 

367t 
Airborne transmission,199, 200,213, 

230 
Alanine, 98 
Albumin,98 
~"" borirmrmsir, 183 
Alcohol 

based handrubs, 223 
for disinfection, 219t 

Aldom:rone, 97 
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Algae, 74 
blue-green (See Cyanobacteria) 
cell structure of, 74 
as cellular microbe, 2, 44 
cell wall of, 28, 74, 93 
characteristics of, 74 
classification of, 74 
colonies of, 74 
colon of, 74 
commercial importance of, 74 
diseases caused by, 3t 
in food chains, 5 
fungiw., 79 
in lichen, 86, 87, 171 
medical significance of, 74 
nutritional requiremen13 of, 74 
pellicle of, 74 
phooosynthetic, 3, 69,74 
plants w., 74, 75t 
pond water, 74, 76 
protozoa vs., 75, 76 
size of, 74 
stigma of. 74 
study of, 11, 74 
ooxins of, 74, 332 

Algicidal agents (algicides),141 
Algologist, 11, 74 
Algology, 11,74 
Alkaliphil.es, 70t, 132, 133 
Allergens,307,309 
Allergic contact dermatitis, 309 
Allergic reactions, 307-310 

to antimicrobial agents, 166, 301, 309 
tofood,308 
to latex, 309-310 
responsc oo, 307-308, 308 

Allergy shots, 310 
Allergy skin testing, 310 
Alpha-gal syndrome, 41St 
ex-hemolysis, 2H, 270 
ex-interferon, 279 
.Amastigotc, 406 
Amblyrmmul ~.41St 
AmeN, 76 
Amebae, 77, 405 

cultme of, 140 
eye infection of, 406 
gastrointestinal in!cction of (See 

Amebiasis) 
giant viruses of. 54-55,55 

Amebiasis, 407' 408t 
causative agent of, 77,198,327,345, 

408t,408 
contllminated food or water and, 198, 

206-207,408t 
drugs nsed to treat, 159t 
transmission of, 329, 408t 

Amebic abscess, 77 
Amebic dysentery (See Amebiasis) 
Amebic meningoencephalitis, primary, 77, 

405,414 
.AmeriWl Society for Clinical Pathology 

(ASCP),250 
AmeriWl Society for Microbiology (ASM), 

147n 
American trypanosomiasis (See Chagas 

disease) 

Ames, Bruce, 120 
Ames test, 120 
AMI (&e Humoral immunity) 
Amikacin, 161 t 
Amino acid(s), 90, 97 

commercial production of, 183 
essential. 97 
primary, 97 
secondary, 97 
struc:tw:e of, 97-98,98 

Aminocyclitol, 1S4t 
Aminoglycosides, 154t, 156 
Ammonification, 180, 180 
Ammonium compounds, quaternary, 219t 
Amorphous carbon, 90-91 
Amozicillin, 83 
Amphitrichous bacteria, 32, 32, 65 
Amphotericin B, 158, 158t 
Ampicillin,83,151 
A.mylases,183 
~bolicreactions,l13-l14,113,118 

~bolism, 113, 118 
catabolism vs., 114t 
energy required for,ll3-l14,118 

~erobes,9 
aerotole.rmt, 65-67, 66 
as capnophiles, 67 
definition of, 66 
diseases caused by, 378, 379-380t, 379 
~tative,6S-67,66,269 
obligate, 65-67, 66, 133, 136-137, 137 

~erobic incubator, 138 
~estic response, to antigens, 302 
~ph~acticsh~308 
~phyluis (anaphylactic reactions), 

30~309 
cutaneous,310 
localized, 308 
systemic, 30~309 

AMplamu, 68, 68t, 288 
AMp/ll.mul pb~~p;ytopbilum, 68t, 268, 37 St 
Anaplasmosis 

hU!DaD,268,288,375t 
human granulocytic, 68 

~tomical pathology, 249 
~to my 

of central nervous system, 331, 331 
ofe~,321-322,322 
of eyes, 322, 323 
of genital tract, 327, J28 
of heart, 329, 330 
of oral cavity, 325, 325 
of respiratory system, 322, 324 
ofskin,320 
of urinary tract, 327, 327 

Am:y/ostrmul ~. 416t 
Anemia, aplastic, chloramphenicol and, 

166 
Angstrom (A), 14 
Animal 

cells (See Eubuyotic cells) 
&rm, infectious diseases of, 181, 181t 
feeds, antimicrobial agents in, 147 
asreservoin, 194-195,195-196t 
viruses, 4 7-49 

assembly of, 48, 48t 
att:lchmcnt of. 47-48, 48t 

biosynthesis of, 48, 48t 
multiplication of, 47-49, 48t, 54t 
penetration by, 48, 48t, -'19 
release of, 48, 48t 
uncoating of. 48, 48t, 50 

"Animalcules," 7 
Animalia (kingdom), 37, 38t 
Anogenital herpes viral infections, 34 7t, 

348 
Atwpbelu mosquito, 78, 412t, 413, 418t 
Ano:qgenic photosynthesis, 69, 118 
Antagonism 

of antimicrobial agents, 157 
ofmicrobes,177,262,278 

Antecubital fossa, 244 
Antecubital vein, blood atracted from, 

244 
AnthelminthiC$, 415 
Anthelmintics, 415 
Anthrax,3S9t 

bioterrorismlwarfare potential of, 203, 
205 

caUS2tive agent of, 9, 37t, 180, 359t 
cutaneous,195,203,20J,359t 
disinfection against, 146 
gastrointestinal, 195,203, 359t 
inhalation, 203, 359t 
reporting of, 358t 
reservoirs of, 195,195t, 359t 
transmission of. 203, 203, 3S9t 
vaccine against, 9, 292, 295 

Antibacterial agents, 1)0,152-157 
~lactam, 154-155, 156, 161t, 163 
classes and categories of, 153-154t, 

154-156 
mechanisms of action, 152-154, 155t 
multidrugthcrapy, 157 
te$istance to (See Antimicrobial 

resistance) 
synergism w. antagonism, 157 

Antibiogram, 164,236 
Antibiotic(s) (&e 11/srJ Antimicrobial agents) 

antagonism of,157, 177 
antimicrobial agents 'Of., 150 
broad-spectrum, 153 
definition of, 150 
discovery of, 151 
mechanisms of action, 93 
nattow-spectrum, 153, 163 
production of. S, 5t, 83,150,177, 

182-183 
sentisynthetic,83,150-151 
synergism of, 157, 179 

Antibiotic-associated diarrhea (AAD), 166, 
214, 278, 37lt, 379t 

Antibiotic resimnce, 166,167 
Antibiotic Stewardship Committee, 164 
Antibiotic susceptibility testing 

broth microdilution method for, 258, 
259 

disk diffusion method for, 258, 258 
gradient diffusion method for, 2 58, 260 

Antibodies, 276, 302-306 
actions of, 303, 305-306, 305t 
antigenic variation and, 272-273 
blocking, 310 
classes of, 303, 3041:, 305 



definition of, 293, 301 
desll'Uction of, 273 
detection of, 312-317,313, 31St 
distribution in body, 301,302 
in humoxal immunity, 293-294,301-306 
humoxal or circulating, 302 
monoclonal, 306 
production of, 301-302 
protecbve,295,296,302 
specificity of, 276, 302 
sll'Uctore of, 302-303, 303 
vaccines and, 296 

Antibody-mediated immunity (AMI) (See 
Humoral immunity) 

Anticodons, 106 
Antifungal agents, 150, 157-158, 158t 
Antige:n-entibody complexes, 303 
Antige:n~tibody interactiODS, 31, 303, 

305-306, 305t 
Antigen-bmding sites, 303 
Antigenic determinants, 301 
Antigenic variation, 272-273, 297 
Antigen-presenting cell (APC), 299t, 306 
Antige:n(s), 31,276,301-302 

definition of; 293,301 
detection of, 312-317,313 
primary response to, 302 
processing in body, 299t, 300, 301-302 
secondary response to, 302 
surface, 69 
T-dependent, 299t, 301 
T-indepcndent, 299t, 300, 301-302 

Antihelminthics, 415 
Antihelmintics, 415 
Antihistamines, 308 
Antimicrobial agents, 15~168 (See 11/so 

speafo types) 
allergies to, 166, 301, 309 
in animal feed,147 
antagonism of, 157 
antiba~150,152-157 
antibiotics vs., 150 
antifungal, 150 
antiprotozoal, 1 SO 
antiviral,150 
biotechnology and, 182-183 
definition of, 150 
empiric therapy with, 164 
in household products, 14 7 
idea), characteristics of, 151-152 
mechanisms of action, 152 
multidrug therapy, 157 
pocket chan on, 164,165 
and superinfection, 166,174,214,278 
synergism of, 157, 179 
toxicity of, 166 
undesirable effects of, 166 

Antimicrobial resistance, 159-164 
antimicrobial use/misuse and, 147,163 
bacterial acquisition of, 160-161, 162t 
biofilms and, 177-179 
conjugation and, 124, 160 
to disinfectants, 146,146t 
in health care-associated infections, 

214--216 
intrinsic, 160 
in mycoplasmas, 69 

prevention, among hospitalized adults, 
213, 214t 

selection for, 166, 166 
strategies in war against, 163-164 
"superbugs" and, 159-160 

Antimicrobial Resistance Laboratory 
Network. (ARLN), 166-167 

Antimicrobial susceptibility testing, 
235-236, 258 

of fungi, 2 55 
urine,246 
in urine culture, 246 

Antimycoba.cteri.al agents, 157, 158t 
Antiparasitic agents, I 58, 159t 
Antiprotozoal agents, 150,415 
Antisepsis, definition of, 141 
Antiseptic(s),6,140, 141,147,217 
Antiserum, 297t, 314 
Antiterrorism and Effective Death Penalty 

Act (1996), 205 
Antitozins, 297, 297t, 303 
Antiviral agents, 51,150,158-159, 159t, 

350 
ANUG (See Acute necrotizing ulcerative 

gingivitis) 
Aplastic anemia, chloramphenicol and, 166 
Apoenzymes, 99, 112 
Applied microbiology, 11 
Arachidonic acid, 97 
Arachnids, 41 5 
Arboviruses (arthropod-borne virus), 47t, 

332, 350, 3Slt 
Archaea (Anhlltll), 2, 37-38, 70 

as cellular microbe, 44 
cell walls of; 30, 93 
classittcation of, 37-38,56,70 
ext:remophiles in, 70, 70t 

Arcluebacteria, 37t 70 
Arginine, 98 
ARLN (See Antimicrobial Resistance Lab

oratory Network) 
Arsphenamine (Salvanan), ISO 
Arthropods 

-home viral encephalitis, 351t, 352t 
and CNS infections, 332, 351t 
as ectoparasitcs, 404, 418 
involvement in disease, 418t 
isolation and identification of, 2 55 
medically important, 415-416 
reporting diseases caused by, 338t 
as reservoirs, 197 
asvector.s,68, 197, 197t,200,416,418t, 

418 
Artificial active acquired immunity, 

294-298, 294t 
Artificial media, 135 
Artificial passive acquired immunity, 294t, 

298-299 
Ascariasis, 416t 
Amwis lumbricoidu, 416t, 417 
Ascites, 417 
Ascomycotina (Ascomycota), 81, 81t 
Ascospores, 79, 81t 
ASCP (See American Society for Clinical 

Pathology) 
Asepsis 

definition of, 141,217-218 

medical, 218 
surgical, 220 
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Aseptate hyphae, 1St, 19, 79, 81t 
Aseptic meningitis, 331-332,333,350, 

351t 
Aseptic technique, 6t l31t 141,217-218, 

218-220 
Asema.l reproduction 

of fungi, 79-81, 81 
of moulds, 82 
of protozoa, 77t 

Asema.lspores, of fun.g4 79-Slt 81 t 81 t 
Asparagine, 98 
Aspartame (NutraSweet), 183 
Aspartic acid, 98 
Aspergillosis, 85t, 332, 365, 393, 193 
~.81,393t 

18emal reproduction in, 81 
cardiovascular infection o~ 375 
colony of, 254 
diseases caused by, SSt 
ear infection of, 362t 
pathogenesis of infection, 390 
respiratory infection of, 365, 393 
systemic mycoses, 392 
tissue invasion by, 393 

~~.80,393t 
~ fomiglltUI, 80, 393t 
Aspergillus 'lligtr, 393t 
~terrtus, 393t 
Assembly 

of animal viruses, 48t 48t 
of bacteriophages, 52t, 53, H 

Astroviruses, 346 
Asymptomatic disease, 263-264 
Atmospheric requirements 

for bacteria, 65-67, 66 
forco.ltures, 136-137, H7 
for microbial growth, 133 
for microbial inhibition, 145 

Atopic persons, 307 
Atovaquone, 158t 
Attachment 

of animal viruses, 47-48, 48t 
antibodies against, 305-306, 305t 
ofbacteriophages, 52, 52, 52t, 53 
ofpathogen,265,266-267 
of phagocytes, 285, 285, 285t 
as virulence factor, 266-267, 261 

Attenuated vaccines, 296, 296t, 303 
Attenuation, 296t 
Atypical pneumonia, 323, 365, 366t 
Augmentin (clavulanic acid-amo:ricillin), 

163 
Autoclave, 140, 142-143, 142 
Autogenous vaccines, 297t 
Autoimmune diseases, 310,312 
Autolysis, 27 
Autottophs, 11~111, lllt 
Avery, Oswald T., 101, 122, 123 
Avian iDJluenza, 195t, 333, 345t 
Avibact:am-ceftazidime (Avycaz), 163 
Avdtdent~,26S 
Axial filaments, 32,65 
Azidothymidine (AZ'I), 158 
Azithromycin, 156 
Azoles,158 
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I 
~. 78,268,412t 
'BIIbuW t/Mrgnu, 412t 
&lhuiil ,.juuti, 412t 
Babesiosis, 78, 196t, 268, 412t 

drugs used to treat, 159t 
Bacillales (order), 38t 
Bacillary dysmtuy. 327,345, 370t 
&eillus,33,57,57 

antibacterial sublltailee of, 2 7 8 
bacillua w., 57 
as denitrifying bacteria, 180 
spores of, 33,34 
transformation in, 123 

Bacillus (pL; bacilli) 
B4ciJht.s 'OS., 57 
Gram stain of, 62, 63t 
medically important, 57 
morphology of, 57 
size of, 14, 15t 

&eiJlus llfltlmms, 9, 3 7t, 359t 
bioturorismlwufarc potential of, 203 
Gram stain of, 63t 
reservoirs of, 195 
in soil, 180 
transmission of, 203, 20:J 

Bacillus Calmettc-Guerin (BCG) vaa:inc, 
311, 367t 

B«iJltts cnns, 271 
B«iJltts pestis, 3 7 
BMiJiru suhdlis, 34, 183 
&dJJar tlnmttgiefuis, 183 
Bacitracin, 150, 182 
Backmutatiou, 120 
Bacteremia, 243,244, HO 
Bacteria (Set lllso specific t.ytws) 

agents against (Set Antibacterial agents; 
Antimicrobial agents) 

axnpbiujchous,32,J2,65 
antimicrobial resistance of, 159-164 

(Su lllso Antimicrobial resistance) 
atmospheric requirements of, 65...()7 
binary fission of, 28, 35, :J6, 57 
biochemistry of, 67 
biofilmsof, 177-179,378 
capsule of, 94, 26~269, 287, 306 
carbon di<Dide and, 65-67 
cell morphology of, 57-59 
cell atructure of, 28-34 
as cellular micro bee, 2, 44 
cell wall of, 30-31,10-31,93,94,96 

antibaca:ritl action on, 152, 153-154, 
155t, 160-161 

deficient (L-fonn), 31, 59, 6~9 
and Gram stain, 60, 61 t 
lacldng, 30, 56 

classification of, 36-38, 38t, 56-57 
colODies of, 31, 65, 66, 134, H4 
rompet:cnt, 123 
cultures of, 134-139 
denitrifying, 180 
diseases caused by, 3t 
DNAof,67 
fastidious, 67,135 
flagella of, 32-33, 32, 65, 269 
in food chains, 5 
generation time of, 57 

genetic information acquired in, 67, 
120-124 

by conjugation, 33, 120, 121, 121 t, 
123-124, 124 

by iylogenic conversion, 54, 120-121, 
121t 

by mutations, UO, 121 
bytrmsd'Udion, 54, 12lt, 122,122, 

124,160 
by t:rmslormation, 101, 121 t, 122-

123,123 
genome of, 29, 30 
~-negative,30,31,56,60,61t, 

62-63, 63-64t, 96 
~-posi~,30,J1,56,60-62,61t, 

62,63t 
Gram-variable, 62 
growth of, 134-135 (SeuhQMicroblal 

growth (in vitro)) 
in indigenous microbiota, 173-176, 174t 
infection by (See Bacterial i.nfecriom) 
intracellular survival mechanjpns of, 

268,287 
isolation and identification of, 252-253 
lactic acid, 117 
lophotrichous, 32, 32,65 
lysis of, 52,52-51, 52t, H, 120-121 
medically important, 384 
metabolism of, 67 
tn~us,32,32,65 
tnot:iley o~ 65, 65 
nitrogen-fixing, 69-70, 180, 180 
nom.cnclature for, 35- 36, 37t 
nucleic acid amplification technology 

for,256t 
nutritional requirements for, 67, 110 
oxygen and, 65-67,66 
pathogenicity of, 67 
pathogens ofhwnans, 381- 384t 
~~us,32,32,65 
phenotypic categories of, 56 
photosynthetic, 3, 29, 35t, 69-70, 118 
pili or fimbriae of, 28, 33, 33, 123, 124, 

267 
pleotnorphic, 59, 68...()9 
population growth curve of, 138- 139, 

H!J 
RNAof,67 
shapes ~ 56-59, 51, 58, 62, 63 
sizes of, 14, H, 15t, 57 
sound-alike names among, 69 
spores of, 33,14 
staining procedures fur, 59-64 
strains w. sc.rotypcs ~ 69 
study properties/potential of, 11, 110 
temperature requirements for, 67 
UDWque,67-69,68t 
unusually small and l.a.rge, 57 
virulence factors of, 266-273, 266, 

359 
viruses infecting (See Baca:riopbage(s)) 
viruses w., 70t 
yeast v.r., 82, 82 

~(domnain),24,37-38,38t,56-70 
(Su .Jso Bacteria) 

Bacterial colonies, 62, 65, 66, 134, 252 
Bacterial infections, 35~387, 380t 

of centtal nc:tvous system, 376, 378t 

of circulatory system, 374-376, 374-
375t, 376-377t 

diagnosis~ 252-253 
of ears, 362, 362t 
of eyes, 362, 363t 
in farm animals, 18lt 
foodbome,372 
of gastrointestinal tract, 368, 36~37lt, 

371-372 
of genitourinuy tract, 312-3 74 
nationally notifiable, 358, 358t 
of oral region, 368 
pathogenesis of, 359 
of respiratory system, 362, 364--366, 

364t, 366-367t 
of skin, 359, 359-361t 
therapy fur, appropriau:, 3 79 (Su lllso 

Antiba.ctcritl agents) 
zoonotic,195-196t 

Bacterial mating (See Conjugation, 
bacterial) 

Bacterial vaa:incs, 296t (Ste .UO specifo 
types) 

Bactu:ial vaginosis (BV), 11,176,179, 
327-329 

Bactericidal agents (bactericides), 140-141, 
153-154 

Bacteriocins,177,262,278 
Bacteriologist, 11 
Bactcriology 

definition 0~ 11 
Leeuwenhoek as father~ 7 

Bacteriology Section of CML, 251, 252, 
2f2 

Bacteriophage~), 51-54 
animal 'riru5 multiplication and, 54t 
assembly of, S2t, 53, 53 
attachment of, 52, 52, S2t, 53 
biosynthesis of, 52t, 53, H 
complex, 52 
definition ~ 121 t 
discovery of, 54 
DNA of, 52-53 
filamentous, 52 
icosahedron, 52 
lysis by, 52, 52-53, 52t, H, 120-121 
lysogenic conversion by, 54, 120-121, 

121t 
penetration by, 52, 52t, 53 
release of, 52t, 53, H 
RNAof,52 
shape of, 52 
size of, 48 
temperate, 52, 54,121, 121t 
therapeutic U!le of, 54 
transduction by, 54,121t, 122,122,124, 

160 
1D treating bact:erial infecti0115, 54 
virnlcnt, 52-53, 120-121, 12lt 

Bacteriostatic agent, 141,153-154 
Bacteriuria, 246 
~ 

atmoepheric requirements of, 67 
diseases caused by, 379-380t 
in indigenous microbiota, 174t, 175, 

176 
oral infection of, 325, 368 

Bactofection.125 



Bactrim (See 
Trim.ethoprim-sulfametho:uzole) 

Baker's yeast, 82, 347 
~una,140,332,414 
Balantidiasis,78, 78, 159t, 327, 345,407, 

408t 
&limtiJium coli,18, 78, 408t, 421,425 
Barometric pressure, and microbial 

growth, 133 
Baropbiles, 70t 
Bartholinitis, 3 29 
Bmvnellll quint~trU~, 68 
Basal body, of flagellates, 78 
Base pairs, 101-102,104 
Bases, nitrogenous, 100-102, 101, 103, 104 
Basidiomycotim (Basidiomycota), 81, 81t 
Basidiospores, 79, 81t 
Basophils, 243, 283-284, 283, 308, 309 
Bayou virus, 34-k 
B cell(s) 

antibody production by, 301,302 
in antigen processing, 299t, JOO, 301 
in immune symm, 300 
interferons produced by, 279 
in lymphatic system, 282-283 
memory, 100, 301-302 
plasma, JOO, 301-302 

Beef tapeworms, 416t 
B~,Ednll,293 
Beneficial mutations, 119 
Benzene ring, 91,91 
B"FJ's MfJ'If1llll of System~~tic Bllderiology, 

35,56 
P-hemolysis, 2H, 270 
P-interfcron, 279 
P-lactam 

dtug5, 154-155, 1$6, 161t, 163 
inhibitors, 163 
ring,154,156, 163 

P·lactamases, 156, 161, 161t, 163 
Beverage production, microbes in, 5, St 
BHI agar (See Brain-heart infusion agar) 
B~,111 
Bile salts, 97, 278 
Bilhar.da (schistosomiasis), 273, 416t 
Binary fission, 134 
ofb~,28,35,36,57 
~CUI bacteria, 35 
of prokaryotic cells, 28, 3 5, 36 
of protozoa, 77t 

Binomial system, of nomenclature, 36 
Bioburden, 146 
Biochemical pathways, 115, 1 I 5 
Biochemistry 

of carbohydrates, 92-94 
as component of microbiology, 90 
definition of; 90, 91 
of lipids, 95....!}1 
of nucleic acids, 100-107 
of proteins, 97....!}9 

Biocidal agents (bioci.des), 140 
Biofihn~177-179,378 
Biogenesis. 24 
Biohazard symbol, 228,233 
Biological catalysts, 99, 112-113 
Biological indicator, for autoclaving, 143, 

143 
Biological molecules, 90 

Biological warfare, 202-206 
Biologic safety cabinet (BSC), 13 7, 140, 

145 
Biologic vectors, 416 
Biologic war&re, 6 
Biology, de:finition of, 2 
Bioluminescence, 114 
Biomining, 183 
Bioremediation, 3, 170, 183 
Biosynthesis 

of animal viruses, 48, 48t 
of bacteriophages, 52t, 53, 51 
of organic compounds, 118-119 

Biotechnology, 5, 170,182-183 
Bioterrorism, 6, 202-206, 206t 
Biotherapeutic agents, 177 
Biotin, production of, 176, 182 
Biotype, 236 
Bird flu, 195t, 333, 345t 
Black Creek Canal virus, 344t 
Black death, 204 (See .UO Plague) 
Black flies, as vectors, 197t 
Black: piedra, 3 90 
Bladder infection (cystitis), 327, 372, 312 
Blastoconidia, 81 
B/4ttomyttt, 365 
B/4ttomytetdtmunitiJis, 83, 85t, 392 
Blastomycosis, 83, 85t, 146,365 
Blastospores, 81 
Bleu cheese, 83 
Blights, 85,181,182t 
Blocking antibodies, 310 
Blood 

clinical specimens of, 240t, 241,243-245 
collection of, technique for, 243-244, 

2+1 
components of, 243, 243, 329 
culture of, 243-245,245 
formed elements of, 243, 243, 283-284, 

281,329 
infections of, 243, 329-331, 348 
trammission via, 199t, 200, 330 

Blood agar, 135-136,136 
Blood Bank. 249-250 
Bloodbome Pathogen St2ndard, 220 
Blood-brain barrier, 331 
Blood groups, 97 
Blood typing, 314,316, 316t 
Bloom (pond scum), 69-70, 332 
Blue-green algae (&e Cyanobacteria) 
Body Substu.ce Isolation Precautions, 221 
Boiling, for sterilization, 142 
Boils (furuncles), 321, 360t 
Bond(s) 

anabolic formation of, 113 
carbon, 90-91 
catabolism of, 113 
covalent, 91 
double, 91 
energy storage in, 113-114 
peptide,98,99,106 
single, 91 
triple, 91 

Bone marrow specimen, 240t 
Booster shots, 302 
&mlmU.,31 
&mlm/U broncbiseptif.tl, 367t 
Bordmllll ~. 367t 
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BorJetell.tl pntusris, 63t, 296, 3 67t 
Bordet,Jules, 37 
Bo~,S1,59,156 
Bo~ fJflrgt/orftri, 63, 197, 31St, 376t, 412 
Bo'f'flllill herm.sii, 59 
Bo'f'flllill reC'II1n'lltis, 273 
Botulinal toxin, 121, 203, 271,299, 332 
Botulism, 379t 

antitoxin for, 299 
bioterroris:mlwarfare potential of, 203, 

205 
causative agent o~ 37t, 63t, 121 
home canning and, 143 
re&eezing and, 144 
reporting of, 3 58t 
reservoirs of, 198 
serum sickness in, 310 
soil and, 180, 198 

Bovine spongiform encephalopathy, 56t, 
195 

Bovine tuberculosis, 195t 
Bracket fungi, 84-85 
Bradykinin, 308 
Br¥14yrbizo!$m, 180 
Brain abscess, 379t 
Brain-heart infusion (BHI) agar, 140 
Brefeld, Oscar, 134 
Brigbtfield microscope, 16t, 18-19 
Broad-spectrum antibiotics, 153 
Broad Street pump, 188, 188 
Brock, Thomas, 7 
Bronchial wash, 240t 
Bronchitis, 323 
Bronclloalveolar wash, 240t 
Broncllopneumonia, 323 
Broth microdilution pane~ 258, 259 
Broths, 135-136, 137 
Brown algae, 74 
Brueell.tl, 376t 
Brueell.tlllhorttu, 63t, 287, 376t 
Bl"'l«<<ll mtlitensU, 376t 
BruteJI# sflis, 376t 
Brucellosis, 19St, 3S8t, 376t 
Brugilt~,416t 
Bruton hypogammaglobulinemia, 313 
BSC (See Biologic safety cabinet) 
BSE (See Bovine spongiform 

encephalopathy) 
Buboes,204 
Bubonic plague, 7, 204, 376t 
Budding 

of fungi, 79 
ofviruses,46,46,48 
of yeast, 81, 82,83 

Bugs (insects), 411, 415 
Buny.\D,]ohn,367 
Burleholderit.Jcepadil, 161t, 365 
Burning (incineration), 142 
BV (See Bacterial vaginosis) 

c 
Calibrated loop, 246, 246 
Caliciviruses, 47t, 346 
California encephalitis, 352t 
~llaeriwn~,374 
Camembert cheese, 83, 183 
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Camouflage, 273 
Cllmpyki~Hiaer, 369t 

atmospheric requirements of, 66-67 
foodbornc infections of, 189, 198t 
morphology of. 57 
radiation and, 144 
waterborne infections o~ 189 
zoonotic infection o(, 196t 

Cllmpyk~~Hiaer aJi (See CllltiJ1Jklbaatr jtjum) 
CllmPJkllHu:ter enteritis, 369t 
Campylobacteriosis, 198 
CllltlfiJkllHu:ter jeftmi, 198, 198t, 369t 
Cancer 

carcinogens and, 120 
and hott defense mechanisms, 288t 
viruses and, 44, 50, 348t 

Cll'lllliJII,396 
cardiovaJCUlar infection of, 375 
CHROMagar, 2>4 
in indigenous microbiota, 174t, 327 
yeasts, forms of, 196 

CimJiJa aJbicmts, 82, 82, 4()(), 407, 425 
oral infections of, 85t, 86, 174, 325, 395, 

395 
scanning electron micrograph of, 20 
superinfection o~ 166, 174, 278, 328 
urinary tract infection of, 327 
vaginal infection of, 85t, 86, 166, 174, 

177,278,329,396 
Candidiasis 

disinfection against, 146 
opponunisticinfectionso~333 
oral, SSt, 86,174,395,195 
vaginal, 85t, 86, 166, 174,278,396 

Canning, home, 143 
Capillary permeability, in inBammation, 

281,282-283 
Capnophiles, 67,133 
Caproomycin, 161t 
Capsid, 44-46 
Capsomeres, 44 
Capsular swelling, 31St 
Capsule 

antibodies against, 306 
ofbacteria, 94, 26~269, 287,306 
and phagocytosis, 268--269, 287, 306 
ofp~oticcells,28,29,31,32 
as virulence b.ctor, 266, 26~269 

Cariltlpmml41t enzymes, 163 
Carbapenem-resistant Enterobacteriaceae 

(CRE), 156,157,213 
Carbapenems, 153t, 156 
Carbohydrates, 92-94 

disaa:haridcs, 93, 93 
monosaccharides, 92, 92-93, 92t, 93 
polysaccharides, 93-94,94,95 

Carbon 
amorphous, 9~91 
as basis of organic chemistry, 91 
black. 91 
bonds, 90-91 
cycle, 3, 180 
forms or allotropes of, 90 
sources,110-111, 111t 

Carbon dioxide (CO:) 
bacteria relationship to, 65-67 
incubator, 138 
and microbial growth, 133 

Carbuncles, 321, 360t 
Carcinogen, 120 
Cardiovascular system 

bacterial infections of, 374-376, 374-
375t, 376-377t 

fungal infections of. 374 
infectious diseases of, 329-331 
protozoal infections of, 411, 411-412t 

Cardiovascular tedm.ologists, 329 
Caries, dental, 175,325 
Curier(s), 175, 193-194 

active, 194 
convalescent, 194 
definition of,193-194 
incubatory,l94 
passive, 194 

Caspofungin, 158 
Catabolism,115-ll8 

anabolism w., 114t 
as biochemical pathway, 115 
energyreleasein, 113,118 
ofgiucose,llS-117 

Cttalyst, 99, 112-lB 
Catheter-related infections, 214 
Ctts, as reservoirs, 195 
Cat-scratch disease, 196t 
Orvities, dental, 175, 325 
CD4• cells, 51,267,300 
ens· cells, 300 
CDC (Ste Centers for Disease Control and 

Prevention) 
Cefepime, 155-156 
Ceftaroline, 155-156 
Cefttia:mne, 153 
Cell-mediated immunity (CMI), 293-294, 

294, 306-307 
Cell membrane 

of algae, 74 
antimicrobial action on. 152, 155t, 

160-161 
of culwyotic cells, 25, 25, 96,97 
lipids in, 96, 97 
ofprokaryoticcells,2~29,29 
of protozoa, 75 
selective permeability o~ 25 

Cell(s) (See lllso sptdfo types) 
cultures, 9-10, 139-140, 255 
definition of. 25 
early use of term, 24 
metabolism o~ 24 
models, microbes as, 6 
mutation of, 24 
proteome, 91 
sttuctnre 

algae, 74 
eukaryotic,25-28,25 
prokaryot:ic,2~34 
protozoa, 75 

study of (cytology), 25 
Cell theory, 24 
Cellular clements, of blood, 243,241, 

283-284, 281, 329 
Cellular membrane (See Cell membrane) 
Cellulu microbes, 2, 2, 24, 24, 44 (Ste lllro 

sptdfo types) 
Cellulase, 112, 183 
Cellulose, 28, 74, 92, 94, 9 5, 112 
Cell wall 

of alg.ae, 28, 74, 94 
antimicrobial action on, 94, 152-154, 

155t, 160-161 
of archtc:t, 30, 93 
of bacteria, 30-31,30-31,60, 61t, 62, 

93,94,96 
bacteria lacking, 30, 56 
cellulose in, 94 
disaccharides and, 93 
of culwyotic cells, 28, 28, 3St 
of plants, 94 
ofprokaryoticcells,28,29,30-31,3St 
of protozoa, 75 
waxes in, 95-96 

Cell wall-deficient (CWD) bacteria, 31, 
59,68-69 

Cclsus, Aulus ComeJius, 282n 
Centers for Disease Control and Preven-

tion (CDQ, 186,201-202 
on bioterrorism agents, 205 
on community-acquired infections, 216 
Emerging Inftr:timu Disi!Qitt (journal), 3 3 3 
notmcation of disease, 201-202, 201n, 

202t, 338, 338t, 358, 358t, 365 
vaccine recommendations of, 296 
on wate.rbome disease outbreaks, 189 

Centime~,13-14,14 

Central Dogma, 103, 103n 
Central nervous system (CNS) 

anatomy of, 331, 331 
bacwial infections of, 376, 378t 
fungal infections of, 396-397 
helminth infections of, 416t 
infections/infectious diseases of, 

331-332 
ditgnosis of, 246 
microbial access for, 331-332 
with multiple causes, 331-332 

protozoal infections of, 414 
viral infections of, 350, 35~351t 

Centrioles, of cuk:aryotic cells, 25 
Ccphali.Ds, 96 
Cephalosporin(s), 150, l53t, 155-156, 156, 

163,182-183 
Cephalosporinase, 163 
Cerebrosides, 97 
Cerebrospinal fluid (CSF), 240t, 242, 246, 

2<f7 
Cervical cancer, 354,425 
Cervical swabs, 240t 
Cervicitis, 329 
Cestodes, 159t, 414 
CFUs (See Colony-forming units) 
CGD (&e Chronic granulomatous disease) 
Ch.agu disease, 78, 1S9t, 196t, 201,411-

412,413 
Cluin, Ernst Boris,151-152 
Cluin, of carbon bonds, 92 
Cluin of infection, 193 
~g.193,217-218 
components of, 193, 193 

Chancre, 264, 265, 373t 
Chancroid, 3S8t, 374 
Channel black. 91 
Chase,~a,101,122 
Chcdiak-Higashi syndrome (CHS), 288, 

312 
Cheese, 83, 183 



Chemical agents, for inhibiting microbial 
gro~.l45-147,218 

Chemically defined medium, B 5 
Chemical production, microbes in, 5t, 183 
Chemical sterilants, 218 
Chemistry 

inorganic, 90 
organic, 90-91 

Chemoautottophs, 111,111t, 118 
Chemoheterottophs,111, 111t 
Chemoldnes, 285, 300 
Chemolithottophs, 110,11lt 
Chemoo~ottophs, 110 
Chemostat, 139, H9 
Chemosynthesis, 118-119 
Chemotactic agents, 280, 282, 285 
Chemotaxis, 279 

in complement system, 280 
in inflammation, 281,282 
of leukocytes, disorders/conditions af

fecting, 288 
in phagocytosis, 284-285, 285t 

Chemotherapeutic agentJ, 150 
Chemotherapy, 150 
Chemottophs,llO, 111t, 118-119 
Chickenpox, 339t, 141, 355,425 

causative agent of, 339, 339t 
CNS infection of, 3 31 
immune globulin, 299 
latent infections of, 49-50, 264 
pneumonia with, 365 
reporting of, 202t, 338t 
vaccine against, 296 

Chikungunya virus,l90, 333, 352t 
Chinese method, of smallpox prevention, 

295 
Chitin, 28, 94 
Cb/4myditl 

size of, 14, 48 
as unique bacteria, 67-68, 68t 

Cblamydial conjunctivitis, 363t 
Chlamydial infections, 68 

of eye, 363t 
of genital tract, 329, 373t 
reporting of, 202t, 358t 
transmission of, 200 

Cblamydial keratoconjunctivitis, 363t 
Cblamydia(s) 

antibacterial action on, 156 
~tures of, 135, 139 
as energy parasites, 68 
incidence of, 187 
medically important, 68 
morbidity rate of, 187 

Chlamydiasis, genital, 373t 
Cblamyditl tn«btmu#i.s, 37t, 68, 68t, 69,248 

eye infection of, 363t 
genital infection of, 373t, 374 
Gram stain of, 63t 
in indigenous microbiota, 176 
urinarytractin!ection of, 327 

Chlamydoconidia, 82,82 
Cb/4my~,ISt 
Cbltnw.JtltJphiJa ~. 3 7t, 68, 68t, 

323,365 
Cblilmydqphila psitt«i, 37t, 68, 68t, 323, 365 
Cblamydospores, 82, 82 
Chloramphenicol, 150,152, 154t, 166, 182 

Chlorination, 208 
Chlorophyll, 29 
Chloroplasts, 27 
Chloroquine, 158 
Chocolate agar,135 
Cholera, 369t 

causative agentof,IO, 37t, 57, 369t (See 
also Vibrio t:bolenle) 

as reemerging disease, 333 
reporting of, 358t 
reservo:in of, 369t 
vaccine against, 292 
waterborne transmission o~ 188,188, 

189,207, 369t 
Choleragen, 369t 
Cholesterol, 96 
Chordata (phylum), 38t 
Choriomeningitis, lymphocytic, 3SOt 
CHROMagar, 254 
Chromista, 74n 
Chromoblastomycosis, 391-392 
Chrom.omycosis, 391-392, 192 
Chromosome(s) 

bacterial, 119 
in DNA replication, 100, 102-103 
eubryotic, 25-26 
prokaryotic,29-30,29 

Chronic disease, 263 
Chronic granulomatous disease (CGD), 

288-289,312 
Chronic wasting disease, S6t 
CHS (See Chedi.ak:-Higashi syndrome) 
Chyttidiomycotina (Chyttidiomycota), 81, 

8lt, 82 
Cilia (sing.; cilium) 

of eukatyotic cells, 25, 28 
of protozoa, 15, 17t, 78,405 
of respiratory system, 277-278 

Ciliates, 75, 78,405 
Cilium.,28 
Ciproflo:ucin, 156 
Circulating antibodies, 302 
Circulatory system 

bacterial infectiom of, 374-376, 374-
37St, 376-377t 

fungal infections of, 374 
helminth infections of, 416t 
infectious diseases of, 329-331 
protozoal infections of, 411, 411-412t 
viral infections of, 348, 348-349t 

Citric acid cycle (See Krebs cycle) 
CJD (See Creutzfeldt-Jakob disease) 
CladophWophtml, 391 
Clarithromycin, 156 
Classmcation, 35-38, 38t 
Clavulanic acid-amoncillin. (Augmentin), 

163 
Clean-cau:h, midstream (CCMS) 

for female patients, 245-246 
urine, 245-246 

Clinical and Laboratory Standards Insti-
tute (CLSI),241 

Clinical Chemistry Laboratory, 249 
Clinical disease, 263 
Clinical Laboratory Science, 250 
Clinically relevant laboratory results, 

241 
Clinical microbiology, 11-12 
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Clinical Microbiology Laboratory (CML), 
250-260 

Bacteriology Section of, 251, 252, 
252 

detective work in, 252,252 
in health.care epidemiology, 235-236 
Immunology Section of, 249, 250, 251 
Molecular Section of: 256-258 
Mycobacteriology Section o~ 251, 

255-256 
Mycology Section of, 251 
organization of, 250, 251 
Parasitology Section o~ 251, 255,405, 

414 
primary mission of, 250 
te!ponsibiliti.es of, 250-251 
specimens for, 2~248 
time delay for reaults from, 251 
VttOiogy Section of, 251,255 

Clinical pathology, 249 
Clinical specimens, 2~248 

blood, 240, 240t, 243-245 
cerebrospinal Suid, 240, 240t, 246, 2-17 
collection of, 242-243 
contamination with indigenous micro-

biota,243 
fecal (stool), 240, 248 
genit:al/STD specimens, 248 
labeling of, 242 
processing of, CML responsibility for, 

250 
quality 

components of, 241-242 
importance of, 241-242 

selection of, 242-243 
sputum, 240t, 246-247 
Standard Precautions for, 241 
submission o~ role of healthcare profes-

sionals in. 2~241 
throat sw:ab, 240t 
transportation of, 242-243 
types of, 240t, 243-248 
urine, 240, 240t 
wound (pus), 240t, 248 
written guidelines for, 241 

Clonorchiasis, 416t 
Ckmm:bis sinmris, 416t 
Clostridia, 36 
Clostridial myonecrosis (See Gas gangrene) 
CltJstriditml,57 

diseases caused by, 379-380t 
es:oenzymes of, 269, 270 
and gas gangrene, 145, 359, 360t, 379t 
generation time of, 13 5 
in indigenous microbiota, 176, 327 
reservoirs of, 198 
in soil, 180, 198 
spores of, 33 

Cklrtridium botulim.rm, 37t, 379t 
biotcrrorism/warfare potential of, 203 
Gram stain of, 63t 
home canning and, 143 
lysogenic conversion in, 121 
re&eezing and, 144 
reporting of, 358t 
reservoirs of, 198 
in soil, 180, 198 
to:a:in of, 121, 203, 271 
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ClomiJium diffid1e 
-associated diseases, 214, 37lt, 379t 
Contact and Contact Enteric Precau

tiODJ,223,229,230 
health caro-usociated infections of, 213, 

214,215, 371t 
superinfection o(, 166,177,214,278 
toxin of, 271-272 

Ckistriditlm wruyi, 3 79t 
Ckistriditlm pt:rfritlgmr 

and abdominal in!ectiODJ, 379t 
exoenzymes of, 270 
and gas gangrene, 360t, 379t 
Gram stain of, 62, 63t 
reservoirs of, 198 
toxin of, 271 

Ckistridiwn !tJ.ItUvm, 3 79t 
C/4stridium t#lmi, 37t, 378t, 380t 

Gram stain of, 62, 63t 
insoil,180 
toxin of, 271,271 
vaccine against, 297-298 

Clotrimazole,158 
CLSI (See Clinical and Laboratory Stan

dards lnstitn~) 
CMI (See Cell-mediated immunity) 
CML (See Clinical microbiology 

laboratory) 
CNA agar (See Colistin-nalidizic acid agar) 
CNS (See Central nervoUJ system) 
CoaguWie, 269 
Coaguhltion, in water treatment, 207-208, 

208 
c~,393,393t 
c~ immitis, 83, 85t, 365, 392, 393t 
c~~.83,392,393t 
Coccidioidomycosis, 83, 8St, 146, 36S, 393t 
Coccobacilli, S7 
Coccus (pl; coc:ct), S7, 57 

as class, 38t 
Gram stain of, 63t 
medically important, 57 
morphologic arrangements of, 56-57,58 
size of,14, 1St 

Cocktails, 158-159 
Codons,10S 
Coenzymes, 99,112 
Coevolution theory, of viruses, 46 
Co&.ctor, 99, 112 
Cohn, Ferdinand, 34, 134 
Cold 

coaunon,l98,342-343 
sores,49,264,264,332,343,345 
for sterilization, 143-144 

Colicin, 124,278 
Coliforms, 208 
Coliphages, 52 
Colistin,153 
Colistin-nalidixic acid (CNA) agar, 

135-136 
Colitis 

definition of, 326 
pseudomexnbranous,166,214,278,371t, 

379t 
Collagen, 98 
Co~e,l83,269,270 
Colonies 

of algae, 74 

ofAspergillu.t,254 
ofb~ria,31,65,66,134,252 
count, in urine culture, 245-246, 246 
offungi, 79,79,253-256,254 
of mycoplasmas, 69 
of PenU:illiMm, 255 
of yeast, 82, 82 

Colon, microbiot:a of, 176 
Colouy-forming units (CFUs), 246 
Commens:alism, 170-171,170 
Common cold, 198, 342-343 
Communicable Disease Cen~r, 201 
Communicable disease(s),186-187, 

199-200 
Communities, microbial. 177-179 
Community-acquired infections, 212 
Competent ba~ria, 123 
Competitive inhibiton, 152 
Complement cascade, 280 
Complement components, 280 
Complement system, 279, 280 

activation of, 280 
antibodies and, 30St 
hereditary de6.cien.cies ~ 280 

Complex ~riophages, 52 
Complex medium, 135 
Compound 606 (Salvarsan), ISO 
Compound light microscope, 1 S-19 

brigbtfield, 16t, 18-19 
condenser of,18 
darldield, 16t, 18-19, 19 
early, 1 S, 17 
electron microscope v.r., 21,21 
fluorescence, 16t, 19 
magnification achieved with, 18, 18t 
phase-contrast, 16t, 19 
photomicrographs with, 1 5. 21 
resolving power (resolution ot), 18 

Condyloma acuminatum, 347t 
Conidia, 81, 81 
Conjugate vaccines, 297t 
Conjugation 

bacterial, 33, 120, 121, 121t, 123-124, 
124,160 

bridge (See Sa pilus) 
protozoa, 77t 

Conjunctiva, 322 
Conjunctival swab, 240t: 
Conjunctivitis, 322 

adenoviral,342t 
amebic, 407, 407t 
bacterial, 363t 
chlamydial, 363t 
gonococ:cal, 363t, 364 
hemotthagic, 342t 
inclusio.n, 68, 363t 

Constitutive genes, 103, ll9 
Consumption (See Tuberculosis) 
Contact dermatitis, 312 

allergic,309 
irritant, 309 

Contact Enteric Precautions, 223, 228t, 
229,210 

Contact Precautions, 225-226, 228t, 229, 
229 

Contact, transmission via, 198,200,213, 
229 

Contagious diseases, 186-187 

Contaminants, 13 7 
Continuous cultures, 139, 139 
Contractile vacuole, of protnzoa, 7 5 
Conttol of disease, WHO dc:Dnition of, 

20lt 
Convalescent carriers, 194 
Convalescent period, 263, 261 
Convalescent serum, 314 
Conversions, 426 
Coronaviruses, 343, 344t, 345, 34St 
Corticosteroids, 97 
Cortisone, 97 
c~,114 
C~tiiphtheritJt, 37t, 57, 364t 

Gram stain of, 63t 
lysogenic conversion in, 121 
tbrottin~on,248 
toxigenic vs. nontox:i.genic strains of, 265 
toxin o(, 121,272 

Coryza, acu~, 342-343 
Co-trimouzole (See 

Trimethoprim.-sulfamethouzole) 
Covalent bond, 91 
Cowpox, 295, 339 
Cf#ie/1# bumetii, 68, 287 
Coxsackieviruses, 332, 344t, 3Slt 
CPE (See Cytopathic effect) 
Crab louse, 418 
CRE (See Carbapenem-rc:sist:ant 

Enterobacteriaceae) 
C-reactive protein, 281 
Crenated cell. 132, 132 
Crenation,l32 
Creuttfeldt-Jak:ob disease (QD), 55-56, 

56t, 195,333 
Crick, Francis, 102, 103 
Critical itenu, 218 
Critical value, 246 
Cross-reaction, 313 
Cross-reactivity, 313 
Crustaceans, 415 
Ctyptococcal mc:ningitis, 396-397 
Ctyptococcomas, 396 
Ctyptococcosis, SSt, 86, 365, 394t, 

396-397 
OrypttH:Ot:tUI, 82 
CrypttH:Ot:tUI gllttii, 3 96 

infection, 333 
OrypttH:Ot:t'UineujiYrrlumr, 82, SSt, 180,269, 

314,332,365,396,397,400,425 
Ctyptosporidiosis, 407, 409t 

causative agent of, 78, 408, 409t 
cryptococcosis vs., 397 
drugs used to treat, 1S9t 
as emerging disease, 333 
reporting of, 404t 
transmission o(, 409t 
wa~rbome infections o(, 78, 198t, 207, 

409t 
Oryptl»pt1ritiiwn, 189 

isolation and identification of, 2 55 
waterbome infectiODJ ~ 189,198t,207 
water treatment for, 207-208 
c~ htmt.init, 198t 
Cryptt»pl1riJium parvum, 78, 198t, 397,407, 

408 
CSF (See Cerebrospinal fluid) 
Ctd~s), 133-140 
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bacterial population, 134-139 

counts in, 138 
growth curve in, 13~139,139 

blood, 243-245, 241 
cell,9-10,139-140,2SS 
c:o.ntaminat:i.on of, 137 
continuous,139,139 
of fungi, 140 
history of, 134 
incubation of, 137-138 
Kocll and, 9-10, 134 
media for, 135-137 

arti.ficial,l35 
chemically defined, 135 
classification of, 135-137 
compl.a, 135 
difi'erential, 136 
enriched, 135-136 
inoculation of, 137, 137 
liquid, 135 
selective, 135-136 
solid, 135 
synthetic, 13 s 

of obligate intracellular patho,...,., 13 5 
139-140 "'-' ' 

organism identification from 257 
Petri dish for, 9-10 ' 
of protozoa, 140 
pure, 10, 134, 135, 138,251 
~245-246,246 
ofviru~,135,139-140 

Curved bacteria, 57-59,57, 64t 
c~.ao 
Cutuleous anaphyluis, 310 
Cutuleous anthrax, 195,203, 203, 359t 
Cutaneous fungal infectio.ns, 85-86, 

3~391,391 
Cutaneous leishmaniasis, 406, 406 
CWD bacteria (See Cell wall-deficient 

bacteria) 
Cyanide poisoning, 99 
Cyanobacteria 

cell structure of, 29 
fossil records of, 69 
nitrogen fintion by, 69-70, 180 
overgrowth of, 69-70 
photosynthesis by, 3, 69 
shapeo£,69 
toxin$ produced by, 70 

Cyanotoxins, 70 
Cyclic compounds, 91, 91 
Cyt:Jqps, 197t,415,41S 
CycktJxml ~. 78, 198t, 409t 
CyclO!pOriasis, 78, 159t, 404t, 407, 409t 
Cysteine, 98 
Cysticercosis, 416t 
Cystine, 98 
~titis,327,372,372 
Cystoisosporiasis, 159t 
Cy5t st:age, of protozoa, 75 
Cytochrome oxidase (cytochrome c) 116 
Cytogenetics Laboratory, 249 ' 
Cytokines,281,300,306-307 
Cytology, 25 
Cytology Laboratory, 249 
CytoDteg.dovirus(~,49,50,332,342t, 

348,365 

Cytopathic effect (CPE),140, 255, 2S6 
Cytoplasm 

of euk:aryotic cells, 26 
of prokaryotic cells, 29, 30 

Cytoplasmic granules, 30 
Cytoplasmic membrane (See Cell 

membrane) 
Cytoplasmic particles, ofprot...-·otic cells 30 ,.,.., ' 

Cytosine, 101, 102, 103 
Cytoskeleton, 27 
Cytoso].25 
Cytostome, 75 
Cytotoxic T cells, 300 
Cytoto:lins, 70,271 

D 
Danger model, of immune system, 293n 
Daplmia pula, 26 
Darldield microscope, 16t, 1~19 19 
Darwin, Charles, 39 ' 
Daughter cells, 35, 36, 102-103, 119 134 
Davies,Julian, 173 ' 
Dead-end hom, 405 
Death phase, 139, 139 
Death (mortality) rate, 187 
De Bary, Antoine, 83 
Decimeters, 13 
Decline (death) phase, 139, H9 
Decomposers, 2, 79,111, 179, 180 
Decomposition, 3 
Defense mechanism (Sn Host defense 

mechanisms) 
Definitive host, 404,405,414, 418t 
Degradative reactions, 115 
Dehydration synthesis reaction, 93,93 
Dehydrogenation reaction, 118 
Delayed-type hyperse:nsilivity (DTII) re-

action, 307, 307t, 310-312 
DelbrUck, Max, 101 
~.170,171 
Denaturation 

of enzymes, 99, 113 
ofproteins,99 

Dengue fever, 333, 338, 338t, 352t 
Dengue hemorrhagic fever (DHF) 333 

3S2t ' ' 
DenF. s~ock syndrome (DSS), 352t 
Demmfying bacteria, 180 
Dental assistults, 234,235 
Dental caries, 175,325 
Dental health care settings, infection con-

trol in, 233-234, 214 
Dental hygiene, 175, 235, 325 
Dental hygienists, 234, 234, 235 
Dental laboratory technician, 234 
Dental plaque,175,178, 368 
I>eoxy.ribose,93, 101,103 
~rllfllimwli, 418 
Dermatitis, 3 21 

allergic contact, 309 
contact, 312 
initult contact, 309 

Dermatomycoses, 390-391 
Dennatophyus, 85,390,391 
Dermis, 320, 321 
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Desiccation,l30-131,141,144 
Desmids, 74 
Detective work, of CML, 252, 2>2 
Deuteromycotin.a (Deuteromycota) 81 

81t ' ' 
Dextrose (See Glucose) 
d'Herelle, Felix, S4 
Diagnostic microbiology, 11-12 
Diamond, 90-91 
Diarrhea, 326 

antibiotic-associated, 166, 214,278, 
37lt, 379t 

enterohemorrhagic E. coli, 371t 
enterotoxigenic E. mli, 372t 
traveler\, 164, 372t 
viral,345-346 

Diatomaceous earth, 74 
Diatom(s), 74, 75 
Dientamoeba infection, 1S9t 
Differential medium, 136 
Differential !tai.ning procedure 64 64t 
DiGeorge syndrome, 312 ' ' 
Digestion 

microbes in, 5 
in phagocytosis, 254, 285t, 286 

Digestive enzymes, 112, 287 
Dimorphic fungi, 83, 84, 85t, 140, 390 
Dimorphism, 83 
Din.oflagellates, 74 
Dipeptide, 98, 99 
Diphtheria, 364t 

causative a~ent o~ 37t, 57, 121, 364t 
as reemergmg disease, 333 
reporting of, 3 SSt 
toxin, 121,271,272 

Diphtheria to:mid-tetanus toxoickcellular 
pertussis (D'ThP) vaccine, 296 

Diphtheroids, 57, 174t, 327 
Dipbyllohotbrium f.tnum, 416t 
Diplobacilli, 57 
Diplococci, 57, sa 
Diploid cells, human, 26 
Dip'jlidium ~ 416t 
Direct contact, transmission via, 199-200 

213 ' 
Daa~des,93, 115 
Disease(s) (See 11/so sptdfo typu) 

acute,263 
asymptomatic, 263-264 
autoimmune,310,312 
chronic, 263 
conunutUcable,l86-187,199-200 
con~ous,186-187 
endemic, 187 
epidemic, 187-190 
germ theory of, 9-10,10, 134 
human, categories of, 319 
in~ous,6, 7,186,319-335 

diagnosis of, 240-260 
~er~g and reemerging, 333 
in!ecti.on vs., 262 
microbial intoxication vs., 372 
opportunistic, 332-3 33 
pathogenesis of, 262-273 
phases of, 263, 263 

nationally notifiable, 201-202 20ln, 
202t , 

bacterial, 358, 358t, 365 



4S6 Index 

Disease(s) (See t.Jiso sptdfo typu) (ermtittutl:) 
parasitic, 404, 404t 
viril,338,338t 

pandearic,l90-191 
!p0ndic,l87 
subacute, 263 
symptomatic or clinical, 263 
symptoms w. signs of, 263-264 
zoonotic, 187, 194-195 

Dis:infcct:mts, 145-147 
definition of, 140 
effectiveness of, facton affecting, 145-

146,145 
in healthcare setting, 218, 219t 
high-level, 218 
ideal, charactcri!tics of, 146-147 
intermediate-level, 218 
limiution of, 146 
low-level, 218 
mechanisms of action, 14 7 
resisWl.Ce to, 146, 146t 

Disinfcct:ion, definition of, 140 
Disk diffusion method, 258, 258 
Disseminated tuberculosis, 263 
DNA (deoxyribonucleic acid), 257 

antimicrobial action on,1SSt 
bacterial, 67 
bacteriophage, 52 
Central Dogma and, 103, 103n 
doubleheliJ:of, 102,104 
euhryotic, 25 
enrachrom06om.al. 29-30, 120 
helicase,102 
as"herediwymolecule," 100,101, 122 
ligase, 102 
as macromolc:cule, 90 
mutation of, 106-107, 119 
nik:ed,123 
nucleotides, 101 
polymerase, 102,112 
probe,67 
prokaryotic,29-30 
recombinant, 125, 126 
replication of, 102-103, 105 
RNAw., 103 
strw:ture of, 101-102, 104 
template, 104-105 
topoisomcrase, 102 
transcription by, 104-105 
vaccines, 182, 297t 
viral, 44, 4 5, 47-48 

Dog tapeworms, 196t,415,416t 
Domagk, Gerhard, 152 
Douurins,37-38,38t 
Donor cell, 33 
Double bond, 91 
Double helix, of DNA, 102, 104 
Dracunculiasis, 201, 416t 
Dnltuntvlusmedint:Mt, 416t 
Droplet Precautions, 228t, 229-230, ZJl 
Droplet transmission, 19~199, 200,213, 

229-230 
Drug-binding site8, 160 
Drug resistance (See Antimicrobial 

resist:mce) 
Dry heat, for sterilization, 140, 141-142, 

142 
Drying(desiccation),130-t:H, 141, 144 

DTaP vaccine (See Diphtheria toxoid-tet
anus mxoid-acellulu pertussis 
vaccine) 

Dust, as reservoir of infection, 198 
Dutch elm disease, 181 
Dwarf tapeworms, 416t 
Dysbiosis, 172 
Dysentery 

amebic, 408t 
causative agent of, 77, 198, 326, 345, 

408t,408 
contamina~ food or water and, 198, 

207,408t 
transmission of, 408t 

bacillary, 327, 345, 370t 
~tidiasis,78, 78,327,345,408t 
causative agents of, 37t 
epidemics of, 189 
treatment o~ 150 

E 
Ear(s) 

anatomy of, 321-322, 322 
bacterial infections of, 362, 362t 
canal infection, 322, 362t 
infectious diseases~ 321-322 
microbiota ~ 173,174t, 175 
viral inf~on~ of, 339,342,362, 362t 

Eastern equine encephalitis (EEE), 3 3 Bt, 
352t 

Eating utensils, safe handling of, 231,233 
Ebers papyrus, 7 
Ebola virus, 44, 51, 51, 189-190, 190,201, 

333,349t 
~ocandans,1S8,158t 
Echinococcosis, 195, 196t 
&hinot:ott:'US gnnrulosus, 416t 
&hinot:ott:'US~, 416t 
Echov.Uu~,332,344t 
Ecology 

definition ~ 111, 170 
microbial,5,170-182 

Ecosystem. 111 
Ectoparasites, 404,418 
Edema, in inJlammation, 282 
Edematous, 282 
EEE (See Eastern. equine encephalitis) 
Effiuent,209 
Ehrlithia, 68, 68t, 268, 288 
Ehrlithia duiffimsis, 68t, 375t 
Ehrlithia nDmgii, 31St 
Ehrlichial in!ecti.ons, of cardiovascular sys

tem. 374, 374-37St 
Ehrlichios:is, 196t, 31St 

human granulocytic, 268,288, 375t 
human monocytic, 68, 268, 288, 375t 
reporting of, 358t 

Ehrlich,Paul,63,150 
18SrRNA,39 
80S ribosome, 27 
EIS Officers (See Epidemic Intelligence 

Service Officers) 
Elcctronmicroscopes,19-21,255 

compound light microscope vs., 21, 21 
resolving power (resolution) of, 19-20 
scanning, 16t, 19-21,20-21,20 

transmission,16t, 19--21,20,21 
Electron Microscopy Laboratory, 249 
Electron transport chain, 116-117, 117t 
Ele.mentlll cycles, 3, 5, 179-180 
Elephantiasis, 417 
Elimination of disease, WHO definition 

o~20lt 
ELISA (See Enzyme-linked immunosor-

bentassay) 
Embden-Meyerhof-Pamas pathway, liS 
~g blfodirnu Diseam Gourn.al), 3 33 
Emerging infectious diseases, 333 
Empiric therapy, 164 
Empty magnification, 18 
Encephalitis, 3 31 

diagnosis of, 246 
reporting of, 338t 
viral, 3Slt 

Encephalomyelitis, 331 
Endemic diseases, 187 
Endemic typhus fever,196t, 374t 
Endocarditis, 329 

acute bacterial, 375 
fungal, 374 
infective,374-376 
subacute bacterial. 263,375 

Endoenzynaes, 112 
Endolysin,53 
Endometritis, 329 
Endoparuites, 404,414 
Endoplasmic reticulum 

of eukaryotic cells, 25, 26 
of protozoa, 75 
rough,2S,26 
smooth, 25, 26 

Endospores, 33, 34 
Endosymbionts, 179 
En.dosymbi.osis, 38 
Endotm:in(s), 96, 243, 270--271 
Energy 

anabolic requirement of, 113-114, 118 
catabolic release of, 113, 118 
sources, lilt 

categorizing microorganisms by, 
110--111 

nutrients, 115 
smrage in bonds, 113-114 

Enriched medium, 135-136 
E11t4tml)efHI ~. 77, 140,198, 408t, 

408 
Enteric bacilli. 327 
Enteric fever (See Typhoid fever) 
Enteritis, 326 

Campykbadtr, 369t 
viral, 345-346 

E1Jte'rob~taer, 57 
antibacterial action on,1S6 
health care-associated infections of, 365 
in indigenous microbiota, 176 
urinary tract iD!ection of, 327 

Enterobacteriaceae, 38t, 57,61 
antimicrobial agents against, 156 
carbapenem-resistant, 213 
CNS infection of, 332 
in indigenous microbiota, 174t, 177 
minisystem for, 253 
as opportunistic pathogens, 177 
urinary tract infections ~ 3 72 



waterborne infecti.ons of, 208 
Ente.robact:eriales (order), 38t 
Enterobiasis, 416t 
Enttrobiwvermitvlirris, 416t 
~.57,156 

binary 6ssion ~ 35 
biofilm ~ 178 
as biotherapeutic agent, 177 
cardiovascular infection of, 375 
in indigenous microbiota, 174t, 176, 

177,327 
u opportunistic pathogen, 177 
urilury tract infection of, 327, 3 72 
vancomycin-resistant, 161t, 213 

Emtrot:omu foeallis, 375 
Ente.rohcmorrhagic E. coli, 371, 3 71 t 
Ente.roto:zigWc:E. CIJ!i, 311, 372t 
Ente.rotoxins, 271 
Ente.rovirulent E. CIJ!i, 3 71 
Ente.roviruses, 340t 

CNS infection of, 332 
common cold with, 343 
hcm01Thagic conjunct:ivitis, 342t 
viral meningitis, 351 

Enveloped viruses, 44-46, 45, 47, 48,49 
Environmental control. 227 
Environmental samples, processing of, 236, 

25~251 
Enzyme immunoassays (EIAs), 2 56 
Enzyme-linked immunosorbcnt assay 

(ELISA), 314, 31St 
Enzyme(s), 99 
antibody-de~yU1g,273 
antimicrobial action on, 152, 155t 
and antimicrobial resistance, 160 
as biomolecules, 91-92 
in biotechnology, 183 
denaturation of, 99, 113 
digestive, 112, 287 
efficiency of, factors affecting, 113 
and indigenous microbiota, 175 
metabolic, 111-113 
mould production of, 83 
necrotizing,266,269 
nomenclature for, 99 
pH and, 113, 131 
regulation of, 111 
specificity of, 99, 112, 112 
sttuctw:e of, 98 
substrate concentration and, 113 
substnte of, 99, 112,112 
temperature and,113,131 
as virulence factors, 266,269-270 

Eosinophilia, 284 
Eosinophil(s), 243, 283-284,283, 308 
Epidemic diseases (epidemics), 187-190 

definition~ 187-188 
outbreaks of, 187-190 
prevention and control of, 202 

Epidemic hepatitis (Su Hepatitis A) 
Epidemic Intelligence Service (EIS) Offi-

cers, 186 
Epidemic typhus fever, 3 75 t, 418 
Epidemiologist, 186 
Epidemiology, 186-209 

definition of, 186 
healthcare, 212-236 (See lllso Healthcare 

epidemiology) 

Snow as father of, 188 
terminologyin,186-192 

Epidemiology Service, 234 
Epidermis, 320, 321 
Epidermolytic toxin, 272 
Epidnwwphytrm, 391 
Epididymitis, 329 
Epiglottitis, 323 
Episome, 120 
Epitopes, 301 
Epstein-Barr virus, 50,348, 349t 
Equine encephalitis, 195t 
Eradication, WHO definition of, 201 t 
Ergot,332 
Erysipelas, 36lt 
Erythema migrans, 377 
Erythrocytes (See Red blood cells) 
Erythrogenic toxin, 121,266,271, 36lt 
Erythromycin, 150,152, 156, 182 
Escaped gene theory, of viruses, 47 
Etchtri:hill, 37, 38t, 57 

in indigenous microbiota, 17 6 
transformation in, 123 

Esdlf:ril:hi# r:oli, 3 86, 4 2 5 
antibacterial action on, 156 
antibacterial substance o~ 278 
bacteriophages of, 52 
as cell model, 5 
chromosome of, 29 
classification of, 36, 38t 
CNS infect:i.on of, 332 
conjugation in, 123,124 
continuous culture of, 139 
ear infection of, 362t 
entero.hemorrhagic, 371, 371t 
enterotoligenic, 371, 372t 
enterovirulent, 371 
fimbriae or pili ~ 267 
foodbome infections of, 189, 198t 
gastrointutinal infection of, 371-372 
generation time of, 3 5, B 5 
Gram stain of, 63t 
health cal'CHlSSOciated infections of, 213 
in intestinal tract, 3, 171,176,177 
multidrug-resistant, 161t 
as opportunistic pathogen, 177 
organic compounds in, 90 
plasmid~ 120 
reporting of infections, 3 SSt 
ribosomes of, 30 
strains w. serotypes of, 69 
structure of, 28 
study properties/potential of, 110 
to:zins of, 271,272 
urinary tract infection of, 327, 372 
waterborne infections~ 189, 198t, 208 

Est:heriehi# r:oli 01S7:H7, 198t, 333, 371t, 
386,425 

EScherich,1rheodore,37 
Essential amino acids, 97 
Essential fatty acids, 95 
Essential nutrients, 110 
Estradiol, 97 
Esttogen{s), 97 
Ethambutol, 157 
Ethylene ozide, 140, 146-147 
Etiologic agent, 205 
Eubacteria, 37-38 
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&h!JCUrium, 380t 
Euglmll, 1St, 76 
Eulury11 ()!uUrytl, domain), 37-38, 38t 
E~ticcdk~Ubay~) 

cell memlmne ~ 25, 25, 96, 97 
cell wall ~ 28, 28, 35t 
chromosomes of, 25-26 
cilia of, 25, 28, 28 
cytoplasm of, 26 
cytoskeleton of, 27 
endoplasmic reticulum ~ 25, 26 
:flagella of, 28, 3St 
Golgi compte~: ~ 25, 27 
lysosomes of, 25, 27 
mitochondria of, 25, 27 
nuclear membrane~ 25, 25, 35t 
nucleolus of, 25', 26 
nucleus of, 25-26, 25 
peroxisomes o~ 25, 27 
pho~thetic,69 
plastids of, 27 
prokaryotic cells vs., 34, 35t 
ribosomes of, 25, 27, 35t, lOS 
structure of, 25-28,2$ 
transcription in, lOS 

Eubryotic microbes, 74 
Eumycota (Kingdom), 78, 84 
Evolutionary biology, 38 
Ezfoliative 1min, 211 
EJ:oen~es,ll2,269-270,287 
&opbia/4, 391 
EJ:o10Xins, 271-272 
Exponential growth phase, 138--139, 139 
Exposure Control Plan, 221 
&m-obilt.rm t'Oitnltflm, 189 
Extensively drug-resistant Mycob!JCUrium 

~(XDR-TB),161t, 192 
Extrachromosomal DNA. 29-30, 120 
Enremophiles, 70, 70t 
E:rudate 

inflammatory, 282 
purulent, 282 

Eye(s) 
anatomy of, 322, 323 
bacterial infections of, 362, 363t 
helminth infections of, 416t 
infectious diseases of, 322 
microbiota ~ 173,175 
protection, 223,226-227 
protozoal infections of, 405,406-407, 

407t 
viral infections of, 342, 342t 

Eyespot (stigma), of algae, 74 

F 
Face shields, 227 
Facultative anaerobes, 65-67,66, 137,269 
Facultative intracellular pathogens, 268 
Facultative parasite, 268, 405 
FAD (See Flavin-adenine dinucleotide) 
Family, 36, 37, 38t 
Farm animals, infectious diseases of, 181, 

18lt 
Fmciolil beptltit:4, 416t 
F uc:ioliasi.s, 416t 
Fasciolopsiasis, 416t 
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F~lnuki,416t 
Futidi.ous microbes,ll, 67, 135 
Fatal familial insomnia, 56t 
Fats and oils, 96, 96 
Fat-soluble vitamins, 97, 97n 
Fatty acid(s), 90, 95 

essential, 95 
monounsaturated, 95 
polyunnmrated, 95 
saturated, 95 

Fecdcon~tion,189,198,200,208 
Feed speciment, 240, 240t, 248 
Fecal swab, 240t 
Feline spongiform encephalopathy, S6t 
Fermentation, 8-9, 82, 117, 183 
Fertility factors, 124 
Fever,279 
Fever blisters (See Cold, sores) 
FibrinogeDt 98 
Fibrinolysins (See Kinases) 
Fibroblasts, interferons produced by, 279 
Field diaphragm, of compound micro-

scope, 18 
Fifth-generation cephalosporin, 15 S-156 
Filamentous bacteriophages, 52 
Filariasis, 416t 
Filtration, 141, 145 

in healthcare setting, 217 
in water treatment, 207-208, 208 

Fimbriae (pili) 
antibodies against, 305 
ofprokaryoticcells,28,33,~3 
sa, 33, 123, 124 
as virulence &ctor, 267 

Firmicutes (phylum), 38t 
First-generation cephalO!pOrins, 1 S 5 
First line of defense, 276-278,276,277 

ceUular and chemical factors~ 277-278 
microbial antagonism in, 278 
physical barriers if1t 271,320-321 

Fish tapeworm, 414, 415, 416t 
S -flucytcs:ine, 1 S8, 1S8t 
Five-Kmgdom System of Classification, 

37, 38, 74, 75 
Fixation, for staining procedures, 59-00 
Fixed nw:rophages, 284 
Flagella (sing.; flagellum) 

of algae, 74 
of bacteria, 32-33, 32, 65,269 
of eukaryotic cells, 28, 35t 
of probryotic cells, 28, 29, 32-33, 32, 

35t 
of protozoa, 75,17t, 78,405 
as virulence &ctor, 269 

Flagellated protozoa, 78 
Flagellates, 75,78,405 
Flagellin, 32 
Flagyl (Ste Metronidazole) 
Flaming, 142 
Flatworms, 414 
Flavin-adenine dinucleotide (FAD), 99, 

112 
Fleas, 68, 197, 197t, 204,415,418, 418t 
Fleming,Alc:nnder, 1S1-152, 151 
Flesh-eatingS~ /!jOgt!tiU, 266, 269 
Fleshy fungi, 81, 84-85, 85 
Flics,197,197t, 415 
Flo~tion,207-208,208 

Florey, How:ard Walter,151-152 
Flu, common cold w., 34 3 (See lllro Influ-

cnzavirus) 
Fluconazole, 1S8,1S8t 
Flubs, 414 
Fluorescence microscopes,16t, 19 
Fluorescent antibody technique, 31 5t 
Fluoroquinolone(s), 154t, 156, 161t 
Folic acid 

inhibitors, 152 
production of, 182 

Foliose licheJU, 86, 81 
Folliculitis,321,360t 
Fomites, 198 

aseptic technique for, 218 
safe handling of, 233 
as vectors of disease, 200, 200 

Ftmtet:MII, 391 
Food 

allergies, 308 
chains, 5, 5 
irradiated, 144,144 
poisoning/foodbome infections, 189, 

198,198t, 372 
production, microbes~ S, St 
as reservoir of infection, 198, 198t 
safe handling of, 231,233 
technology, 183 
transmis.sion via, 200 

Foodbome disease outbrcab, 189 
ForttUUdebyde,140, 146-147,219t 
Formed elements, of blood, 243,243, 

283-284,283,329 
40S ribosome, 27 
Fosfomycin, 154t 
Fourth-generation cephalosporins, 15 S 
F pilus (See Sex pilus) 
Frti'IUisrll4 ~. 37r., 63t, 195, n1, 377t 
Franklin, Rosalind, 102 
Freeze-drying, 141, 144 
Freezing 

psyclu:oduric organisms, 131 
npid, with liquid nitrogcDt 141,143 
slow, 143 
forsterilization,143 

Fried egg colonies, of mycoplasmas, 69 
Fructose,92-93,93 
Frustrated phagocytosis, 179 
Fungal .infections, 81-SS, 390-401, 398t 

of central nervous system, 396-397 
of circulatory system, 374 
classification of, 390-393 
cutaneous,85-86,390-391,39I 
diagnosis of, 86,253-256 
in farm animals, 181 t 
of genitourinary tract, 396 
in humans, 8St, 86 
of oral regioDt 393, 395-396, 395 
pathogenesis of, 390 
of skin, 391 
~nbcutaneou~86,391-392,392 
~nperficial, 85-86, 390 
systemic, 86, 392-393 
therapy for, appropriate, 397 (Ste lll.m 

Antifungal agents) 
tteatment ~ 86 
zoonotic, 195t 

Fungal meningitis, 189 

Fungemia, 244 
Fungi (sing.; fungus), 37, 74,78-86 

agents against (See Anti.fungal agents) 
algae w., 79 
allergic reaction to, 81 
asexual spores of, 79-81, 81, 8lt 
beneficial. 78 
as cellular microbes, 2, 44 
characteristics of, 78-81, 8lt 
classification of, 37, 81-85, 8lt 
cultures of, 140 
dimorphic, 83, 84, 8St, 140, 390 
diseases caused by, 3t 
disinfection and, 146 
drug-resistant, 160, 213 
fleshy, 84-85,85 
higher,81 
hyphae of, 79, 7.9, 81t, 253-256,253 
infection by (See Fungal infections) 
intracellular survival mechanisms o~ 268 
isolation and identification of, 253-256 
in lichen, 86, 81, 171 
lower,81 
medical signfficance of, 85-86 
microscopic appearance of, 80 
mycelium of, 79, 19, 253-256, 254 
parasitic, 78, 111 
plants vs., 79 
reproduction of;. 79-81 
sap~hytic,78,111 
sexual spores of, 79-81, 81t 
sizes o~ 1St 
study of, 11,78 
susceptibility testing of, 255 
toJiDS of, 85, 332 
types of,81 

Fungicidal agents (fungicides), 141 
Fungi Imperfect:i, 81 
Furuncles, 321, 360t 
Fusob/KU'I'ium, 67,174t, 175,368, 379-380t 
~tm:ropborum, 379t 
F~'1111Ck11tum, 368,380 

G 
Galactosamine, 94 
Galact:ose, 93 
Gamma globulin, 299, 303 
y-hemolysis, 253, 270 
y-inameron, 279 
Gam.maproteobacteria (class), 38t 
Gamma nys, for sterilization, 144, 144 
Gangliosides, 97 
(7angrene,gas,145-146,198,270,3S9, 

360t, 379t 
~dn~,176,329,396 
G.rdntrtlla ~. 62,248 
Gas black, 91 
Gaseous atmosphere 

for bacteria, 65-66, 66 
for cultures, H7 
for microbial growth, 133 
for microbial inhibition, 145 

Gas gangrene, 145-146,198,270,359, 
360t,379t 

Gastric ulcers, 368t 
Gastritis,326,368t 



(;as~n~tis,326,345-346 
Gastrointestinal anthrax, 195, 203, 359t 
Gastrointestinal tract 

anatomy of, 326, 126 
bacterial infectiOllS ~ 368, 368-37lt, 

371-372 
helminth ittfections of, 416t 
host defense mechanisms of, 278 
indigenous microbiota of, 173, 174t, 

175-176 
ittfectious diseases of, 326-327 
microbes itt, 3, S, 171 
opportunistic pathogens itt, 177 
protozoal infections of, 327, 345,407, 

4()8410t, 408 
transmission via, 199t 
viral infectiOllS of, 345-34 7 

GenBank, 257 
Gene expression, 103-107,119 
Gene products, 26,103, 119 
Generalized infection, 263 
Generalized transduction, 122, 122 
Generation time, 35, 57, 134-135, 138-139 

oforganism,135 
Gene(s),26,100, 119 

constitutive,103,119 
function of, 119 
inducible, 103, 119 

Gene therapy, 107, 125,170 
Genetic engineering, 3, S, 107,124-125, 

126,134,170,179,280 
Gene (DNA) vaccines, 182, 297t 
Ge.netic(s) 

bacterial, 67, 119-124 
code, 100, 105 
defurition of, 119 
molecular, 119 

Genital chlamydia! infections, 373t 
Genital cblamydiasis, 373t 
Genital herpes, 264, 329, 332, 347t, 148 
Genital papillomatosis, 347t 
Genital rpecimens, 248 
Genital. tract (See 11/so Genitourinary tract) 

anatomy of, 327, 328 
ittfectious diseases o~ 327-329 
semally transmitted diseases of, 329 

Genital. warts, 34()!, 347, 347t, 354 
Genitourinary tract 

anatomy of, 327, 327, 328 
bacterial infectiOllS ~ 372-374 
fungal infectiOllS 0~ 396 
host defense mechanisms of, 278 
infectious diseases of, 327-329 
microbes of, 3 72 
microbiotll of, 171, 174t, 327 
protozoal infecti.OD8 of, 4()7, 410-411 
secretions of, specimens of, 240t 
transmission via, 199t 
viral infeaions o~ 347, 347t 

Genome, 26, 119 
of bacteria, 29, 30 
of viruses, 44 

Geno~,26,36,119 
(;enus (pl.; genera), 36, 38t 
German measles (Set Rubella) 
Germicidal agents (germicides), 14() 
Germicidal lamp, H4 
"Germs," 2, 2 

Germ theory of disease, 9-10, 10, 134 
Gersanann-Smussler-Scheinker (GSS) 

~droDle,55,56t 
Gitmlitl 

cys1S, 208 
isolation and identification of, 2 S S 

Gillrdi4 tluodmtJiif (See Gilmli#/Mnblill} 
Gilmlill imenm.lis (See Gilmlill lilmblill) 
GitmJU Iamblia, 78, 78, 198t, 408, 409t, 

410, 420, 425 
culture of, 14() 
drug-resistllnt, 160 
trophozo.ites o~ 287, 281, 410 

~s,287,407,4()9-410t 

causative agent of, 75, 78, 78,408, 409t, 
410 

drugs used to treat, 159t 
reporting of, 404t 
sexual transmission of, 329 
waterborne infections of, 189, 198t, 207, 

409t 
Gingivitis, 11, 175, 179, 325, 349t, 368 
Globular proteins, 98 
Gloves, 141, 220,221,223, 224-225, 226 
Glucosamine, 94 
Glucose, 92, 93 

aerobic respiration of, 115-117 
catabolism of, 115-117 
itt disaccharidcs, 93 
fermentation of, 117 
forms of, 92-93,92 
glycolysis of, 11 S, 116 
itt polysaccharides, 93-94 
production of, 93 

GlutaDlic acid, 98 
Glutamine, 98 
Glutaraldehyde, 219t 
Glycerophospholipids, 9J, 96 
Glycine, 98 
Glycocaly.r, 31 
Glycogen, 92, 94 
Glycolipids, 95, 9S, 91 
Glycolysis, liS, 116, 117t 
Glycolytic pathway, 11 S 
Glycopeptide, 154t, 156 
Glycosidic bond, 93 
Glycylcyclitte, 154t 
Goggles, 227 
Golden algae, 74 
Golgi. apparatus/Golgi. body (See Golgi 

complex) 
Golgi complex 

of algae, 74 
of eukaryotic cells, 2S, 21 
as packaging plant, 27 
of protozoa, 15 

Gonococcal conjunctivitis, 363t, 364 
Gonococcal ophthalmia neonatorum, 364 
Gonococcal urethritis, 267, 174 
Gonococci, 37 (See lllro Neisseria 

gontwrboetlt) 
Gonorrhea, 329, 373t 

causative agent of, 37t, 373t (See IIIS'O 
Neis:tnW~) 

diagnosis of, 373t 
reporting of, 202t, 358t 
S)'DlptDmatic vs. asymptomatic, 264 
t:ransmission ~ 200, 373t 
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Gonorrheal ophthalmia neonatorum, 363t, 
164 

Gtmytwl4x, 332 
<7o1v.Ds,141,220,221,22S 
Gradient diffution method, 258, 260 
Gram, Christian, 60 
Gram-negative bacu:ria, 30, 31, 56, 60, 61 t, 

62-6!1, 63--64t, 96 
antibacterial action on, 155-156 
cultures of, 135-136, 136 
.itt indigenous microbiota, 174t 
septicemia by, 271, 279 

Gram-negative sepsis (Ste Gram-negative 
bacteria) 

Gram-positive bacteria, 30, 31, 56,60-62, 
61t, 62,63t 

antibacterial action on, ISS 
cultures of, 135-136 
itt indigenous microbiota, 174t 

Gram stain, 60-64, 61-61 
color diffi:renc::es itt, 60, 6lt, 62 
of important pathogenic bacteria, 

63--64t 
remembering reactiOllS itt, method for, 

64 
shapes observed in, 62, 63 
steps itt, 61 

Gram.-vui.able bacteria, 62 
~~s,243,283-284,306 
Granuloma inguinale, 374 
Graphite, 9~91 
Great Potato Famine, 83, 181 
Greek alphabets, 427 
Green algae, 74, 76 
Green bacteria, 69, 118 
Griffith, Frederick, 101, 122 
Griseofulvin, 158, 158t 
Growth (&e 11/so Microbial growth (itt 

vitro)) 
hormone, genetically engineered, 

124-125 
GSS syndrome (Set Gersanann-Strius-

sler-Scheittker syndrome) 
G~,101,103,104 
Guarnieri bodies, 49 
Guillain-Barre syndrome, 191 
Guinea worm infection, 201 
Gut-bra.i:n axis, 172 
Gut microbiome, 172 
Gynecologic infectious processes, 379t 

H 
H1N1,189 
HJwm.qpbilus 

aanospheri.c requirements of, 67 
cardiovascular infection of, 375 
itt indigenous microbiota, 174t, 175 
transformation in, 123 

HJwm.qpbilus d#creyi, 63t, 374 
HJwm.qpbilus m~, lSS 

antibody, destruction by, 273 
capsule o~ 31, 269 
CNS infection of, 332 
cultures of, l3 5 
diseases caused by, 162 
ear infection of, 362t 
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HAemophilut ~ (amtimld) 
eye infection of, 363t 
Gram suiD. of, 63t 
infectiOllS aused by, 362 
morphology of, 57 
nomenclature for, 37 
pneumonia with, 323, 365 
reporting of, 358t 
sinus infection of, 323 
vaccine against, 31 

HAemophilus injl#enZM type b (Hib), 296 
Hair clippings, 240t, 253 
Hair mycoses, 390-391 
HAis (Set Health are-associated 

iDfec:tions) 
Haloduric organisms, 13 3 
Halophiles, 70t, 133 
Halophilic organisms, 133 
Hand, foot, and mouth disease (HFMD), 

340t, 341 
Hand hygiene, 141, 199-200,216-217,231 

antimicrobial/antiseptic agent for, 223 
in dental health care, 2 34 
proper technique for, 224-225 
Semmelweis as :father of, 223 
in Standard Precautions, 223-224 

Hanging-drop technique, of determining 
motility, 65, 65 

Hansen disease (Set Leprosy) 
Hantavirus pulmonary syndrome (HPS), 

19St, 333, 338t:, 344t 
Haprens, 301, 308 
Hard measles (Set Measles) 
Harmful mutations, 119 
Health and Human Services, Department 

of,201 
Health are-associated infectiO.IlS (H.Ais), 

16lt,212-217 
antimicrobial resistance in, 214-216 
frequency of, 212-213 
iatrogenic infections vs., 212 
major kctors contributing to, 216,217 
modes of transmission, 213 
most common types of, 214-216 
pathogens involved in. 213 
patients most likely to develop, 216 
pneumonia, 214,365 
prevention of, 212,216-217 
urinary tract, 214, 372 

Health are epidemiology, 212-236 
definition of, 212 
health c:are-associated infections, 

212-217 
infection prevention and control, 

217-236 
regulatiOllS pertaining to, 220-221 
role of clinical microbiology laboratory 

in,23S-236 
Heart 

anatomy of, 329,330 
infectious diseases of, 329-331 

Heart-lung machine, 220 
Heat 

fixation, 59-60 
in inftammation, 282, 282n 
sterilization 

dry, 140, 141-142,142 
moist, 142-143 

Jl~P,y~. 175,368t 
Helminth(s), 414 

de:finition of, 414 
in!ections, 196t, 404,405,414, 416t 
life cycle of, 414,415 

HelperT cells, 51, 261, 300, 306 
Hematology, 243 
Hematology Laboratory, 249 
Hemoglobin, 98 
Hemolysins, 269, 270 
Hemolysis, 132, 133, 252, 2H, 270 
Hemolytic-uremic syndrome (HUS), 

3S8t 
Hemorrhagic conjunctivitis, 342t 
Hemorrhagic diseases, viral, 349t 
Hendra virus infection, 333 
HEPA filters (See High-efficiency particu

late air filters) 
Hepatitis (hepatitis virus), 326, 346-347, 

346t 
as oncogenic virus, 50 
reservoirs of, 198 

Hepatitis A, 198, 346-347, 346t 
reporting of, 338t 
vaccine against. 296, 347 

Hepatitis B, 346-347, 347t 
immune globulin, 299 
reporting of, 3 3 8t 
transmission of, 329, 347t 
vaccine against, 296, 34 7 

Hepatitis C, 338t, 346-347, 347t 
Hepatitis D, 346-347, 347t 
Hepatitis E, 346-347, 347t 
Hepatocellular carcinoma, SO 
Hepatomegaly, 264 
Hepatotozins, 70 
Heptose, 92t, 93 
Herbal medicine, ISO 
Herbicidal agents, 183 
"Hereditary molecule," DNAas,IOO, 101, 

122 
Herpes labialis (See Cold, sores) 
Herpes simplex virus 

antiviral agents against, 1S9t 
CNS infection of, 332, 351t 
cold sores, 49, 264, 264, 332, 343, 345 
genital, 264, 329, 332, 347t, 348t 
infection of host cells by, SO 
latent infections of, 264, 264 
opportunistic in!ections of, 332-333 
transmission of, 200 

Herpesvirus, 49-50, 339t 
characteristics of, 47t 
diseases caused by, 47t 
envelope of, 47t 
in gene therapy, 125 
inclusion bodies of, 48-49 
infection by, 50 
interferons against, 280 
latent infections of, 49-50,264 
size of, 14 

Herpes zoster (See Shingles) 
Hershey, Alfred, 101, 122 
Hesse, Fanny, 134 
Hesse, Frau, 10 
Hesse, Walther, 134 
Heterotrophs, 110-111 
Hemse, 92t, 93 

HFMD (Set Hand, foot, and mouth 
disease) 

HGE (See Human granulocytic 
ehrlichiosis) 

High-efficiency particulate air (HEPA) 
filters, 145,230 

High-level disinfectants, 218 
Hiswnine,308 
Histidine, 98 
Hi.stio~,284 
Histopathology Laboratory, 249 
Histf!p/4mt8 ~. 80, 83, 84, 8St, 365, 

392,394t 
Histoplasmosis, 83, 8St, 146, 196t, 365, 

394t:, 401,425 
HIV (See Human immunodeficiency virus) 
HME (See Human monocytic ehrlichiosis) 
HMP (See Human Microbiome Project) 
HMS Beagle, 39n 
Holmes, Oliver Wendell, 223, 367 
Holoenzyme, 99 
Home canning, 143 
}{l1flliniiiM (&mily), 3 8t 
lWnw (genus), 38t 
H(111W SlljJims (species), 3 8t 
Hooke, Robert, 7n, 1 S 
Hookworm infection, 416t 
Hormone(s) 

adrenal, 97 
as biomolecules, 91-92 
protein, 98 
sex. 97 
steroid, 97 

JlortMJ~ fiJe'fYiedti;, 390 
Hospital Infection Prevention and Control 

Committee, 190, 251 
Host defense mechanisms 

definition of, 276 
disorders/conditions affecting, 288--289, 

288t 
evasion of, 269 
first line of, 276-278, 216, 277 

cellular and chemical factors in, 
277-278 

microbial antagonism in, 278 
physical barriers in. 271,320-321 

nonspecific,275-289,277 
second line of, 216,276, 277, 278--289 

acute-phase proteins in, 280-281 
complement system in, 279, 280 
cytokines in, 281 
fever in, 279 
inflammation in, 279,281-283, 281, 

282 
interferons in, 279-280 
phagocytosis in, 279, 283-287 
transferrin in, 279 

specific, 276, 277, 292 (Set also Immune 
system) 

third line of, 276, 276, 277, 292 (See also 
Immune system) 

Host(s) 
accidental, 405 
dead-end hosts, 405 
definition of, 171 
de6nitive,404,405,414,418t 
interactions with pathogens and envi-

ronment, 192 



intermediate, 404,414, 418t 
microbiome and, interactions between, 

172t 
in parasitic relationships, 404-405 
susceptibility of. 193 
in symbiotic relationships,17~172 

Host tissues, damage to, 265 
Household products, antimicrobial agents 

in, 147 
HPS (See Hantavirus pulmonary 

syndrome) 
HPV (See Human papillomavirus) 
Human anaplasmosis, 268, 288, 37St 
Human bioneme (See Indigenous 

microbiota) 
Human 

carriers, 193-194 
classification of. 38t 

Human Genome Project, 26, 312 
Human granulocytic anaplasmosis (HGA), 

68 
Human granulocytic ehrlichiosis, 268, 288, 

31St 
Human herpesvirus 3, 339t 
Human herpesvirus 4, 349t 
Human immunodelici.en.cy virus (HIV), 

5~51,>1,348-349t 
antigenic variation of, 273 
antiviral agents fur, 158-159, 159t 
attachment of, 267 
deaths from, 191 
as emerging disease, 333 
and immune response, 306-307,312 
number of people living with, 191 
pandemic of, 191 
pathogenesis of, 339 
reporting of. 202t, 338t 
transmission of, 191, 191,200, 348t, 350 
in United States, 191 

Human metapneumovirus, 344t 
Human microbiome (See Indigenous 

microbiota) 
Human Microbiome Project (HMP), 172 
Human monocytic ehrlichiosis (HME), 68, 

268, 288, 31St 
Human papillomavirus (HPV), 50, 340t, 

347t, 354, 425 
Human virome, 172 
Humoral antibodies, 302 
Humoral immunity, 293-294, 294, 

301-306 
HUS (See Hemolytic-uremic syndrome) 
Hyaluronic acid, 270, 273 
Hyaluronidase,269,270 
Hybridoma, 306 
Hydatid cyst disease, 416t 
Hydatid disease, 196t 
Hydrocarbons,91,91 
Hydrogenation, 95 
Hydrogen pero:ride, 219t, 288 
Hydrolases, 112 
Hydrolysis 

ofATP, 114 
of disaccharides, 93,91,115 
of polysaccharides, 93, 94 
reaction,93,91,112 

Hydroxylysine, 98 
Hydroxyproline, 98 

H~ dimimlt.r.J, 416t 
~111m11,416t 
Hyperbaric oxygen chamber, 145 
Hyperimm1l11.e serum globulin, 298 
Hypersensitivity, definition of. 307 
Hypersensitivity reactions, 307-312 

delayed-type, 307, 307t, 310-312 
dcm:lopment of, factors in, 308, 108 
events in, 308, 309 
immediate-~,307-310,307t 
type I, 307-310, 307t 
type II, 307, 307t, 310 
type m, 307, 307t, 310 
type rv; 307, 307t, 310--311 

Hyperthermophiles, 131 
Hypertonic solution, 132, 111 
Hyphae, 79 

aerial. 19,82 
aseptate, 1St, 79, 79, 81t 
identification and isolation of, 253-256, 

251 
of moulds, 82 
reproductive, 82 
septate, 1St, 79, 79, 81t 
sizes of. 1St 
vegetative, 79, 82 

Hyphal enen.sion, 79 
Hypochlorite, 288 
Hypogammaglobulincmia, 313 
Hyposensitization, 310 
Hypotonic solution, 132, HJ 

Iatrogenic infections, 212 
lc:osahedron bacteriopbage.t, 52 
ICP (See Infection Control Professional) 
Identification, definition of, 36 
IDPs (See Immunodiagnostic procedures) 
IgA (See Immunoglobulin A) 
lgD (See Immunoglobulin D) 
IgE (See Immunoglobulin E) 
IgG (See Immunoglobulin G) 
IgM (See Immunoglobulin M) 
Dlness, period of, 263, 263 
lmipencm., 156 
Immediate-type hypersensitivity reactions, 

307-310, 307t 
Immune complex, 303 
lmm1l11.e serum globulin (ISG), 298 
Immune system 

antimicrobial agents and, 147 
cells of, 299-300 
danger model of, 293n 
major arms of; 293-294, 294 
pathogen escape from, mechanisms of, 

272-273 
primary functions of, 293 
self and nonself in, 293, 293n, 301 
sites and sources of activity, 301 
as third line of defense, 276, 276, 277, 

292 
Immunity, 294-299 
acq~d,276n,294-299 
active acquired, 294-298, 294t 
artificial active acquired, 294-298, 294t 
artificial passive acquired, 294t, 298-299 
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cell-mediated, 293-294, 294, 306--307 
definition of, 294 
humo~293-294,294,301-306 
blaate,276-277,276n 
natural active acquired, 294, 294t 
natural passive acquired, 294t, 298 
passive acquired, 294, 294t, 298-299 
vaccines and, 295-298, 29 5, 296--297t 

Immunochemistry, 293 
Immunocompetent person, 312 
Immunocompromised person, 312 
Immunodeficiencies 

acquired, 312 (See lll.m Acquired immu
nodeficiency syndrome) 

diagnosis of, procedures in, 317 
inherited, 312 

Immunodcpressed person, 312 
Immunodiagnostic procedures (IDPs), 306, 

313-316,311,315t 
Immunofluorescence testing, 314 
Immunoglobulin A (IgA), 273, 303, 304t, 

105 
protease, 273 

Immunoglobulin D (IgD), 303, 304t, 305 
Immunoglobulin E (IgE), 303, 304t, 105 

in type I hypersensitivity reactions, 308 
in type n hypersensitivity reactions, 310 
in type m hypersensitivity reactions, 

310 
Immunoglobulin G (IgG), 303, 304t, 305 

in hyposensitization, 310 
in type n hypetsensitivity reactions, 310 
in type m hypersensitivity reactions, 

310 
Immunoglobulin M (IgM), 303, 304t, 105, 

314 
Immunoglobulin(s), 302-306 

classes or isotypes of, 303, 304t, 305 
distribution in body, 302, 301 
structure of, 302-303, 301 

Immunohematology Laboratory, 249 
Immunologic memory, 302, 311 
Immunolo~,292 
Immunology, 272 

definition of, 292 
origins of, 292-293 
understanding, 293 

Immunology Laboratory, 249,293, 
313-317 

Immunology Section of CML, 249, 251, 
280 

Immunosuppressed person, 312 
Lmmnunosuppression,216,312-313 
Impetigo, 3~361t 
Inactiv:lted vaccines, 296, 296t 
Incidence, definition of, 187 
Incineration,142 
Inclusion bodies, 48-49, 255, 255 
Inclusion conjunctivitis, 68, 363t 
Incubation 

of culture, 137-138 
period, 263,263 

Incubators, 137-138 
anaerobic,138 
carbon dioxide, 138 
non-C02, 138 

Incubatory carriers, 194 
India ink preparation, 397, 400, 425 
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Indigenous microbes, of genitourin2ry 
tract, 372 

lndigenousmicrobiota, 3, 147,173-176 
antibiotics and,166, 173-174,178-179, 

218 
beneficial and harmful roles of, 176-177 
of ears,17J, 174t, 175 
of eycs,17J, 175 
of gastrointestinal tract, 173, 174t, 

175-176,326 
ofgenitourinalYtract, 173, 174t, 176, 

327 
growth eottditions for, 173 
as host defense meclwrlsm, 278 
ofmouth,l7J,174t, 175,325 
mutnalism of, 171 
of respiratory tract, 173, 1741:, 17S, 322 
of skin.173, 174-175, 1741:, 320 
specimen contamination with, 243 
transient, 173 

Indirect contact, transmission via, 200,213 
Inducible genes, 103,119 
Infantile paralysis (See Poliomyelitis; 

Poliovirus) 
Infection Control Preventionists, 234-236 
Infe.ction Control Professional (ICP), 

234-236 
Infuction Prevention and Control Com

mittees (IPCC), 234-235 
Infection(s) (See llisrJ specific t;ypa) 
chain~ 193,193,217-218 
community-acquired, 212 
control 

in dental settings, 233-234,234 
patient placement in, 230-231 
regulations pertaining tD, 220-221 
Standard Precautions in, 221-228, 

222 
1fansmission-Based Precautions in, 

221,222,228-230,228t 
ezpos:ure without, 262 
health care-associated, 16lt, 212-217 
iatrogenic, 212 
infectious diseue vs., 262 
latent, 49-SO, 264 
localized vt. systemic, 263 
modes of transmission, 198-200, 199, 

199t 
oppo~c,332-333 
prevention and c011ttol, 217-236 

definition of, 217 
primary vs. secondary, 264-265 
reservoirs of, 193-198, 194 
synergistic, 11, 179 

Infectious agents (Su Pathogen(s)) 
Infe.ctious diseases, 6, 1, 11, 319-HS 

of centtal nervous system, 246, 331-332 
of circulatory system, 329-331 
climatic &ctors and, 334 
communicable disease vs., 186 
definition of, 186 
diagnosis of, 240-260 
of ear, 321-322 
earliest known. 6 
emerging and reemerging, 333 
ofeycs,322 
of farm animals, 181' 181 t 
of gasttointestinal tract, 326-327 

of genitourinary tract, 327-329 
germ theory of, 9-10,10 
infection vs., 262 
microbial intolication vs., 372 
oppo.rtuDistic, 332-333 
of oral cavity (mouth), 32 S 
pathogenesis of, 262-213 
phases o~ 263, 263 
of respiratory system, 322-324 
routes of transmission in, 199t 
s:iJ: components in, 193,193 
of skin, 320-321 

Infectious hepatitis (See Hepatitis A) 
Infectious mononucleosis, 349t 
Infectious particles, 2, 24 (Ste lllro Acellular 

microbes) 
In!ecti.ve dose, 186-187 
In!ecti.ve endocarditis, 374-376 
Imlammation, 279,281-283, 321 

cardinal signs and symptoms of, 282, 
282n 

disorders/conditions adversely affecting, 
288-289t 

events of, 281-283,281 
purpo9e;9 of, 282, 282 

Imlammatory exudate, 282 
Imlammatory response (See Imlammation) 
Imluenza virus, 344t 

antigenic variation of, 273, 297 
avian (bird flu), 19St, 333, 345t 
as contagious disease. 186 
electron microscopy of, 20 
epidemics of,189 
pandemics of, 190, 343 
pediatric mortality with, reporting of, 

338t 
pneumonia with, 323 
respiratory infection of, 343, 344t 
size of, 14 
transmission of, 198, 344t 
vaccines against, 297 

Ingestion, in phagocytosis, 285-287, 285t, 
286 

Inhalation anthrax, 203, 3S9t 
Inherited immunodeficiencies, 312 
Inhibition, of microbial growth (in vitto), 

140-147 
cllemical agents for, 145-147 
definition of terms in, 140-141 
physical methods of, 141-14S 

Innate immunity, 276-277, 276n 
Ino~tingloops,l42,142 
Ino~tion, of culture media, 137, 1 J7 
Inorganic chemistry, 90 
Insc:c:tiddal agents, 183 
Insects (bugs), 411, 41S 
Insomnia, fatal familial, S6t 
Instruments for patient care 

aseptic technique for, 218-220 
Spaulding classification~ 218, 220 

Insulin, genetically engineered, 12S 
IntegriD, 266, 267 
In~gentderign,39n 
Intensive care unit, health care-associated 

infections in, 216 
Interferon(s), 279-280 

flu-like symptoms with, 280 
genetically engineered, 12S, 280 

production of, 279-280 
species-specificity of, 280 
types of, 279 

Interferon gamma release assays, 311 
lnterleuldn 1 (ll..-1), 279 
Intermediate filaments, 27 
Intermediate host, 404, 414, 41St 
Intermediate-level disinfectants, 218 
Interstitial plasma-cell pneumonia (Ste 

P,tumOf:]ftis jirowa) 
Intestinal tract (See Gasttointestinal tract) 
Intoxication 

foodbome,372 
aUcrobial,6,74,320,372 

Intra-abdominal infectious processes, 379t 
Intracellular survival mechanisms, 268, 

268t, 287-288 
lntraerythroc:ytic pathogens, 268 
Inttaleul:oc:yt:ic pathogens, 268, 288 
Intrinsic resistance, 160 
In vitto 

definition of, 130 
microbial growth in, 130-147 

In vivo 
definition of, 130 
pathogens growth in,1S0-168 

Iodine, for disinfection, 219t 
Ipecac, ISO 
Iris diaphragm, of compound microscope, 

18 
Irish potato blight, 82-83, 181 
Iron and host defense mechanisms, 279, 

288t 
Irradiated food, 144, 144 
Irritable bowel syndrome, 172 
Irritant contact dermatitis, 309 
Ischemia, 359 
ISG (See Immune serum globulin) 
Isolation, 230, 232 
Isoleucine, 98 
Isoniazid, 157, 161t 
Isotonic solution, 132, 133 
ltraconuole,158t 

J 
Jansen, Hans, 15 
Jansen,~, IS 
JC polyomavirus (PML), antiviral agents 

for, 159t 
Jenner, Edward, 292,295 
Joint fluid specimens, 240t 

K 
Kala-azar, 406 
Kanamycin, 16lt 
Kaposi sarcoma, 50 
Keratin, 98 
Keratitis, 322, 342t 
Keratoconjunctivitis, 322, 342, 342t, 363t, 

405, 407' 407t 
Kidney infection (nephritis), 327, 372 
Kin.ases,269 
Kinetoplast, 78 
Kinetosome, 78 
"Kissing disease," 200, 349t 



Kltlmtllil, 57 
antibacterial action on, 156 
CNS infi:ction of, 332 
health cue-tisociated infections of, 365 
in indigenous microbiota, 17 6 
urilury tract infection o~ 327, 3 72 
waterborne infections of, 208 

Kltlmt/JQ ~. health C21'e-associated 
infections ~ 213 

KlthsitU. Jme'lllm1tliM, 33 
biofilm. ~ 178 
capsule of, 31,269 
Gram stain of, 64t 
health cue-tisociated infi:ctions of, 213 
multidrug-resist:mt, 161t 
pneumODia with, 365 

Koch, Robert, 8, 9-11,10, 134 
Koch's Postulates, 10-11, 10 
KOH prep, 253, 253, 391 
KopliJc.spots, HOt, 141,354,425 
Krebs cycle, 112, 115-116,116, 117t 
Kruif, Paul de, 8 
Knpffi:r cells, 284 
Knru, 56, 56t 

L 
The Lab (See Pathology Department) 
Labeling, of clinical specimens, 242 
Laboratory, (S« llllstJ Clinical Microbi-

ology Laboratory; Immunology 
Laboratory) 

results, time delay in obtaining, 251 
Laboratory ID!ormation Systems, 235 
Llt/Jrmn:qry Po/Kiu mul Procd#ntl Mimwl, 

241, 242, 243 
La Crosse encephalitis, 352t 
Lactase, 183 
Lactic acid bacteria, 117 
Lltao'bMillus 

as biotherapeutic agmt, 177 
in indigenous microbiota, 174t, 17 S-

176,327 
Lacto~,277,279 
Lactoperoxidase, 277 
Lactophenol cotton blue, 254 
Lactose, 92, 93, 112 
Lactose-fermenting (LF) bacteria, 136 
Lag phase, 138, 131 
Lampblack, 91 
Lanolin, 96 
Large intestine, microbiota of, 175-176 
Larvae, of helminths, 414, 41S 
Laryngitis, 323 
Lassa kver,19St, 333 
Last universal common ancestor (LUCA), 

38 
La~tinfections,49-50,264 
Latex allergy, 309-310 
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Leptospirosis, 196t, 351t, 358t 
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solid, 135 
synthetic, 13 5 

Medical asepsis, 218 
Medical aseptic techniques, 218 
Medical laboratory !lcientists (MLSs), 

249-250 
Medical laboratory technicians (ML'D), 
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Messc:nger RNA (m.RNA), 27, 101 (Set 111m 

RNA) 
ttanscription of, 104--105, 119 
translation by, 105-107, 106 

Metabolic enzymes, 111- 113 
Metabolic reactions, 112 
Metabolism, 113-119 
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Methicillin-resistant St~~pbylotoaw tpiJer-
Midir (MRSE), 155-15 6, 161 t, 213 

Methionine,98 
Metric system, 13-14, 14 
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definition of;. 2 
diagnostic, 11-12 
Leeuwenhoek as father of, 7 
medical, 11-12 
pioneers in, 7-11 
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hanging-drop technique of, 65, 65 
semisolid agar method of, 65, 65 
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reproduction of, 82 

Mouth (Set alro Oral region) 
anattlmy of, 325 
.infi:ctious diseases of;. 325 
microbiota o£;.113, 174, 174t, 175,325 

M-protein, 267 
mRNA (See Messenger RNA) 
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CNS infection of, 332 
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Neurotoxins, 70,271,332 
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abnormally low number of, 288 
complement system and, 280 
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Newborn, impetigo of, 360t 
New York:-1 virus, 344t 
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Nonspecific urethritis (NSU), 327 
Nontmi.geni.c strains, 121 
Norovinls, 208, 346 

Contact: Enteric PrecautiOM,223, 229, 
230 

Nose,microbiotaof,174t, 175 
Nosocomial infection (See Health care-u

sociated infections) 
Notifiable diseues, 201-202, 201n 

bacterial, 358, 358t, 365 
parasitic, 4{)4, 4Mt 
viral,l38, B8t 

NSU (See Nonspecific urethritis) 
Nuclear membrane, of c:ulwyotic cdls, 2 5, 

25, 35t 
Nucleic acid(s), 91, 100-107 (See Also 

DNA; RNA) 
amplification technology, 256t 
antimicrobial action synthesis on, 152, 

155t 
DNA replication, 102-103 
DNA structure, 101-102, 104 
function of, 100 
gene apression, 103-107 

Ce.ntral Dogma, 103 
transcription, 104-105, 106 
tnuudation,105-107,106 

polymers, 100, 102 
probes,256 
structure of, 100-101,101 

Nucleocapsid, 44, 45 
Nucleolus, of cubryotic cells, 25-26, 25 
Nucleoplasm, 25 
Nucleoside reverse t:rmsc:riptuc inhibitors, 

IS9t 
Nucleotides, 90, 100 
Nucleus 

of algae, 74 
of eukaryotic cdls, 25-26, 2) 
of protozoa, 7 5 

NuttaSwc:et (aspartame), 183 
Nutrienu 

avaib.bility of, and microbial growth, 
no 

definition of, 110 
essential, 110 
requirement, 110 

for algae, 74 
for bacteria, 67 
for cultures, 13 5 
for futidious microbes, II, 67 

Nutritional statns, and host dcfeuse mech
anisms,288t 

Nymtin, 158 

0 
Objectives, of compound microscope, 15, 

17-18,18t 
Obligate aerobes,66, 66, 133, 136-137, 

131 
Obligate anaerobes, 65-61,66, 133, 136-

137,137 
Obligate intracellular pathogens, 51-52, 

68,267-268 
c:ultnres of, 135, 139--140 

Obligate parasite, 405 
Obstetric infectious processes, 3 79t 
Occupational Safety and Health~ 

tration (OSHA), 220,223 
Octads, 57, 58, 63 
Octose, 92t, 93 
O~lens,15,17 
0~ micrometer, 14 
Oil(s) (See Fats and oils) 
O!s (See Oppommistic infections) 
Omega-3 &tty acid, 95 
Otttbomu volvtiltls, 416t 
()nch~.201,416t 
Oncogenic viruaes, 44, SO, 349t 
Oncoviruses, 44, 50 
One gene-one protein hypothesis (See 

Central Dogma) 
"0, the Origin rifSpecies," 39 
Oophoritis, 349t 
~r-phtbalaldehyde, 219t 
Opportunistic infec:t:ioM (Oia), 332-333 
Opportunistic pathogens, 3, 177, 332-333 
()psonins,280,285,215,298 
()~tion,280,285,285 
Oral cavity (mouth) 

anatomy of, 325, 325 
infectioua disease~ of, 3 2 5 
microbiota of, 171, 174, 174t, 175, 325 

Oral/dental infectious processes, 379t 
Oral region 

bacterial iDfectioo.s of, 368 
fungal iDfectioo.s of, 393, 395-396, 395 
viral infections of, 343 

Orchitis, 349t 
Orders, 36, 37, 38t 
()~elles,Z4,397 
Organic chemistry, 90-91 

carbon bonds in, 91 
cyclic compounds in, 91, 91 
definition of, 90, 91 

Organic compounds 
biosynthesis of, 118-119 
definition of, 90 
study of, 90 

Organism'l geoention time, 57 
()~~hs, 110, l11t 
Orietltill, 68t 
Orietrtia tmtmpttn~Sbi, 68t 
Origin of life, 8 
Ornithosis (psittacosis), 37t, 68, 195, 196t, 

358t, 365 
Oropharynx, microbiota of, 174t, 175 
Otthompovinues, 4 7t 
Orthopomnu, 340t 
OSHA (See Occupational Safety and 

Health Administration) 
Osmosis, definition of, 132 

Osmotic pressure 
definition of, 132 
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and microbial growth, 132-133 
~ tlltlri, 74n 
Otitis extcrna, 322, 362t 
Otitis media, 322, 362, 362t 
Otomycosis, 390 
Outer ear infection, 322, 362t 
"Owlcyes,"49,50 
Onzolidinonc, 1541: 
<>xidase test, 116 
Oxidation, 116-117 

reduction reactions, 116, 117-118, 
118 

OJ:idativc phosphorylation, 116-117 
<>xidized molecule, 117 
<>xidWng agent, 117-118,118 
()xygen 

bacteria relationship to, 65-61, 66 
and cultureS, 136-137, 137 
cycle, 3, 180 
high-pressure (hyperbaric), 145 
and microbial growth, 133,145 
production of, 3 (See llln 

Photoeynth.esis) 
as terminal el.ectron aoceptor, 116 

Oxygenic photosynthesis, 69, 118 

p 
Pain, in inilammation, 282, 282n 
Paired sera, 314 
PAM (See Primary amebic 

meningoencephalitis) 
p-aminobenzo.ic acid (PABA),l52, 

1H 
Pandemic diseases, 190-191 
Pantothenic acid, production of; 

176 
~irw,370t 
Pap!Uoma~es,45,50 
Papule, 321,321 
~.176 
~lmuiJimsir, 392 
P~,416t 
IW.f!J"i-u 'IPUtenlfiiJii, 416t 
PaninfluCDZa ~es, 323,343, 344t, 

362t, 365 
Paralysis, infantile, 351 t 
~. 1St, 75, 76, 78,405 
Panmyxo~es, 47t 
Parapertnssi.s, 367t 
Parasitemia, 244 
Patuite(s), 170, 171, 404-405 

definition of, 404 
drug-resistant, 160 
ectoparasites, 4{)4, 418 
endoparasites, 404 
facultative, 268, 405 
hom for, 404--405 
isolation and identification of, 255 
life cycle of, 404-405 
nucleic acid amplffication technology 

for, 256t 
ohli~te, 405 
smart w. dumb, 111 

Parasitic fungi, 78, 111 
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Parasitic infections, 404-421 
diagnosis of, 405 
nationally notifiable, 404, 404t 
pathogenesis of, 405 
therapy for, appropriate, 41 S 

Parasitic protozoa, 15, 11, 404-405 
ParasitisDl,170,171-172,404 
Parasitologist, 405 
Parasitology, 404, 405 

Section ofCML, 251,255,405,414 
Pat2tracho01a, 363t 
Parent cell, 35,36 
Parenteral injection, 200 
Parotitis, 349t 
"PaiTotfever," 37t, 195, 196t, 365 
Passive acquired immunity. 294, 294t, 

298-299 
artificial, 294t, 298-299 
nawral. 294t, 298 

Passive carriers, 194 
~ tmdtocitJ.I, 248 
~ptstis,37 
Pas~~.196t 
Pasteur Institute, 9, 37 
Pasnmrization, 9, 140 
Pasteur, Louis, 8-9, 8 

and cultures, 134 
and fermentation, 8-9, 82 
and Fleming's discovery, 151-152 
and ~1/tt pestii, 37 
and spontaneous generatiOJl, 8-9, 34 
and vaccines, 9, 292, 295 

Pathogenesis (See alJo sptdfo ditaru) 
definition of, 262 
of infectious diseases, 262-273 
steps in, 265 

Pathogenicity 
definition of, 262 
virulence and, 266 

Pathogen(s) (See lllso sp«ifo types) 
attachment of, 265, 26~267 
bacteria as, 67 
in biot:e:rrorit01, 6 
definition of, 2, 6, 262 
diseases caused by, 3t, 6 
entry by, 265 
escape from immune responses, 

272-213 
evasion of host defense by, 269 
facultative intracellular, 268 
in germ theory of disease, 9-10, 10 
growth (in vivo), 150--168 
in health care-associated infections, 213 
infection by, 262 
interactions with hosts and environ

ment, 192 
intracellubr survival 01echanisms of, 

268, 268t, 287 
intraerythrocytic, 268 
intndeukocytic,268,288 
inv:u:io.a/spread of, 265 
isolation and identifu:ation of, 251-260 
DlechanisDls of; 269 
multiplication o(, 265 
nucleic acid amplification technology 

for,256t 
obligate intracellular, 11,51-52,68, 135, 

139-140, 267-268 

opportunistic, 3, 177,332-333 
preventing spread of, 6, 9 
protozoa as, 75 
species-specmc, 11 
syndromic multiplex assays for, 257t 
virulence of; 192, 266 
yeasts as, 82 

Pathologist, 186, 249, 262 
Pathology 

anatomical, 249 
clinical, 249 
definition of, 249, 262 
Depari:Dlent, 249, 249 

Path- or patho-, as prefix, 262 
Patient-care equipment, di.sinfi:ction of, 227 
Patient placement, 2 30--231 
PEA. agar (&e Phenylethyl alcohol agar) 
Pectin, 112 
P~,112, 183 
Pediattic allergists (See Pediattic 

immunologins) 
Pediattic immunologists, 292 
1Wkultu lnitnlmus, "18 
Pellicle(s) 

of algae, 74 
of protozoa, 75 

Pelvic inflammatory disease (PID), 329 
Penetration 

by animal viruses, 48, 48t, 49 
by bacteriophages, 48, 52, 52t, H 

Penicillin(s), 153t, 154-155 
allergy to, 166, 301, 309 
bacteria susceptible to, 155 
discovery of, 151-152, l.S'2 
as haptcns, 301, 308 
mechanism of action, 154-155 
natural, 154-155 
productionof,83,151, 182-183 
resistllnce to, 163, 179 
semisynthetic, 83, 151,153t 
structure of, 154, 156, 163 

Penicillinase(s), 163, 179 
Penicillinase-producing Neimrill grmrtr-

rhoeiH (PPNG), 313t 
Penicillin G, 154-155 
Penicillin V, 154-155 
Penicilliosis, 196t 
~~.80,81,83, 154-155,25$,392 
Pmililli#m mycelium, 255 
Pmiei/lillim 11ot#tt.!m, 151-152, 152 
Pentamidine, 158 
Pentasacch.arides, 93 
Pentose, 92, 92t, 100--101, 101 
Peptidebond,98,99,106 
Peptidoglycan, 30, 30, 60, 93, 152 
Peracetic acid, 219t 
Perfusionists, 220 
Pericarditis, 329 
Perineal infectious processes, 380t 
Periodontal disease, 175, 325 
Periodontitis,325,379t 
Period prevalence, 187 
Perirectal infectious processes, 380t 
Peritonitis, 380t 
Peritrichous bacteria, 32, 12, 65 
Permeability, selective, 25 
Perolisome(s), of cubryotic cells, 2>, 27 
Peroxy:acetic acid, 219t 

Personal protective equipment (PPE), 220, 
221,224-221,234,214 

Perspiration, as host defense mechaniSDl, 
277 

Pertussis, 202t, 296, 358t, 367t 
Pertussis immune globulin, 299 
Pestilence, 7 
Petti dish, 9-10, 134 
Petri,ltichardJulius,9-10,134 
Peyer patches, 301 
pH 

definition of, 131 
and enzyme efficiency, 113, 131 
and host defense meclwrisms, 277-278 
and indigenous microbiota, 173, 175 
and mi.a:obial growth, 130, 131-132 

Phaeohyphomyc~391-392,392 
Phage conversion (See Lysogenic 

conversion) 
Phage(s) (See Bacteriophage(s)) 
Pha~,27,283-287 

attaclunent of, 285, 285, 285t 
directed migration of, 285, 285t 
disorders/conditions affecting, 288-289 
professional, 268, 284 
survival and multiplication within, 268, 

268t 
Phagocyto~,27,31, 77,262,279,283-287 

antibodies helping, 305t, 306 
atta~enttn,285,285,285t 
capsulesand,268-269,287,306 
chemotaxis in, 284-285, 285t 
definition of, 284 
digestion in, 285t, 286, 287 
disorders/conditions adversely affecting, 

288-289 
evasion of; 265,287 
&ustra~d. 178 
of Gilmlill trophozoites, 287, 287 
in inflammatory response, 281, 282 
ingestion in, 285-287, 285t, 286 
opsonization in, 280, 285, 285 
steps in, 284-287, 285t 
vaccines and, 298 

Phago~Ine,286,287 
Phagosome, 77, 286, 287 
Pharyngitis, 248, 323, 364t 
Phary:ugoconjunctival fever, 342t 
Phase-contrast microscope, 16t, 19 
Phenol 

coefficient test, 14 7 
as disinfectant, 141, 147,217, 219t 

Phenotype, 36, 119,252 
Phenylalanine, 98 
Phenylethyl alcohol (PEA) agar, 135-136 
-Phile, uae of sufiix,133 
Phlebotomists, 245 
Phosphate group, of nucleic acids, 

100--101,101 
Phosphoglycerides, 95, 96 
PhosphollpUb,95,95,9~97 
Phosphorous cycle, 3, 180 
Photoautotrophs, 111, lilt 
Photoheterotrophs, 111, 111 t 
Photomicrographs, 15,21 
Pho~tbcU5,3,27,110,118 

anoxygenic, 69, 118 
oxygenic, 69, 118 



Photosynthetic algae, 3, 69, 74 
Photosynthetic bacteria, 3, 29, 35t, 69-70, 

118 
Photosynthetic euk:aryotes, 69 
Phototrophs,110,1llt 
Pbtbitwpubit, 416 
Phyoobilisom.es, 69 
Phyoologist, 11, 74 
Phyoology, 11,74 
Phycomycosis, 3941: 
Phyootmins, 74 
Phylum, 36, 38t 
Phys.ical barriers, in first line of defense, 

277 
Physiology 

definition ot;.llO 
microbial, 11~111 

PbytqpbthWII m.{emtns, 82-83 
Phytoplankton, S, S 
Picoeulwyotes, 74n 
Picornaviruses, 4 7t 
PID (See Pelvic inflammatory disease) 
PiulnlilllxwtM, 390 
Piezophiles, 70t, 1 33 
Pili (sing.; pilus) 
antib~esa~,30S 
ofprolwyot:ic cells, 28, 29, 33, JJ 
scz, 33, 123, 124 
as virulence factor, 267 

Pinkeye, 363t 
Pinocytosis, 77 
Pinworm infection, 416t, 417 
Pioneers, in microbiology, 7-11 
Plague, 376t 

biotcrrorismlwarfare potential of, 
204-205 

causative agent of, 376t, 377 (See tdnJ 
Yminitt penis) 

clinical presentation of, 204, 20) 
doctors in middle ages, protective cloth-

ing wom by, 204, 207 
endemic, 187 
historyof, 7,204 
meningitis, 204 
reporting of, 358t 
transmission of, 196t, 204, 205, 376t, 

418 
as zoonotic disease, 196t 

Plankton, S, 5 
Planktonic bacteria, 178, 178 
Plantae (kingdom), 37 
Plantar warts, 3401: 
Plant cells (See Euk:aryotic cells) 
Plant(s) 

algae w., 74, 1St 
cell wall ot;. 93 
fungal diseases of, 85 
fungi Vt., 79 
microbial diseases of, 85, 181, 182t 
viruses, 55 

Plaque, dental, 175,178,368 
Pluma, 243, 241 

cells,300,301-302,303 
membrane (See Cell membrane 

P~ds,29-30,29,30,120,120,124,183 

Pl.tumodium, 78,268, 412t, 420,425 
isolation and identification ot;. 255 

P/4smodit.rm llerUgin/JSII, 167 

P~fokipantm, 160,412t, 
414 

PltlmuWum 11flllllrillt, 412t 
Plitsm«lium wllk, 412t 
Pklmuuiium Wee, 412t 
Plasmolysis, 132, 133 
Plasmoptysis, 132, 111 
Plastids, 27, 30, 69, 74 
Plate count, viable, 138 
Platelets, 243, 243, 283 
Pleomorphic bacteria, 59, 6~9 
Pleomorphism, S9 
Pleuropneumonia-like organisms (Ste 

Myoopluma(s)) 
Pleuropulmonary infcc:t:ious processes, 

380t 
PMC (See Pseudomembranous colitis) 
Pneumococcal vaccine, 296 
~,392,394t 
~ tllrinii, 394t 
~jirweci;, SSt, 191,241, 323, 

333, 365, 3941: 
~pneumonia(See~ 

jirwecii) 
Pneumonia, 323 

bacterial, 365 
causative agents of, 37t 
funga1,365 
health care-usociated, 214, 365 
mycoplumal, 365, 366t 
reporting of, 365 
typical w. atypical, 323 

Pneumonic plague, 204, 376t 
Pocket chart, 164,16S 
Point prc:valence, 187 
Polar filament, 84, 397 
Polio (See Poliomyelitis; Poliovirus) 
Poliomyelitis, 338t, 351t(Ste 11/ro 

Poliovirus) 
immune globulin, 299 

Poliovirus 
CNS in!ection of, 332, 3Slt 
eradication of, 201 
inclusion bodies of, 48-49 
public health efforts on, 201 
reporting of, 338t 
size of, 14,48 

Polymerase(s), 102, 105, 112 
chain reaction, 255,251 

Polymicrobial infections, 179 
Polymorphonuclear cells (P.MNs) 

(See Neutrophils) 
PolymyJ:in B, 182 
Polyoma-papilloma virus, 47t, 48 
Polypeptide, 98 

drugs,lS4 
Polyribosomes, 27, 30 
Polysaccharide(s), 90, 93-94 

definition of, 93 
functions of, 94 
hydrolysis of, 94, 94 

Polysomes, 21, 30 
Polyunsaturated &tty acids, 9S 
Pond scum, 69-70 
Pond water 

algae, 74, 76 
ameba, 77 
protozoa, 1St, 75, 76, 40S 
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Pontiac fever (See Legionnaires' disease/ 
legionellosis) 

Population counts, bacterial, 138 
Population growth curve, of bacteria, 

138-139, 119 
Porin mutants, 160 
Pork tapeworms, 416t 
PorpbyrtJrtuww, 174t, 175, 368, 379-380t 
Positive pressure isolation, 231 
Potassium hydrolide preparation, 2S3, 

2H,391 
Potato blight, Irish, 82-83, 181 
Powassan encephil.itis, 352t 
Powassan virus encephalitis, 338t 
Poxviruses, 47t 
PPD skin test (See Purified protein deriva

tive skin test) 
PPE (See Personal protective equipment) 
PPNG (See Penicillliwe-producing Neisse-

ria~) 
Precipitin testing, 314, 31St 
PTessurecookcr,142-143 
Pressure-sensitive autoclave tape, 143, 141 
Prevalence, 187 

period, 187 
pomt, 187 

Pmxnella, 174t, 175, 176, 327, 368, 
379-380t 

Pmxnella mm-meiiw, 368 
Pmx!t:flla melttnmogmial, 368 
Primary amebic meningoencephalitis 

(PAM),77, 1S9t, 405,414 
Primary atypical pneumonia, 365, 366t 
Primary infcc:t:ion, of bacterial pathogen, 

264-265 
Primary protein structure, 98,100 
Primary response, to antigens, 302 
Primary sewage treatment, 209 
Primary sludge, 209 
Primary syphilis, 264, 264, 373t 
Primase, 102 
Primates (order), 38t 
Prions, SS-56 

as a.c:elluJar microbes, 2, 2, 24, 44 
in farm animals,181t 

Probiotics, 177 
Prodromal period, 263, 261 
Professional phagocytcs, 268, 284 
Progesterone, 97 
Prolwyotae (kingdom), 3 7, 3 8t 
Prolwyoric cells (prok:aryotes) 

capsule of, 28, 29, 31, 12 
cell membrane of, 28-29, 29 
cell wall ot;. 29, 3~31, 35t 
chromosomes of, 29-30, 29 
cytoplasm of, 30 
eukaryoric cells vs., 34, 35t 
:flagella of, 32-33, 12, 35t 
glyoocalyx of, 31 
pili or fimbriae of, 29, 33, 33 
plasmids ot;. 29-30, 29 
reproduction of, 28, 35,36 
ribosomes of, 28, 29, 30, 3St, 105 
slime layer of, 28, 31 
structnre of, 28-34, 29 
transcription in, 105 

Proline, 98 
Promastigote, 406 
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ProntOOJ, 152 
Prophage, 121, 121t, 122 
~~~.117,174, 175,359t 
PropnmflHiatriwn limeS, 3 S9t, 3 79t 
Propnm;Maerium propirmiau, 379t 
Propionic acid, 117 
Pro~gltn~,9S,97,282,308 
Pro~titis,327,372 
Protease{s), 183, 269, 273 

inhibitors, 159t 
Protective antibodies, 295,298, 302 
Protective environment!, 2 30-231, 232 
ProU!Ctive isolation, 231 
Protective Isolation Environment, 231, 

231 
Protein F. 267 
Protein(s), 90, 91, 97-99 

acute-phase, 280-281 
amino acid sttucture, 97-98, 98 
Central Dogma and, 103 
composition of, 97, 98 
denaturation of, 99 
enzymes as, 99,112 
geneticallyengjneered,124-12S 
globular, 98 
hormones, 98 
structure of, 98--99 

primary. 98,100 
quaternary, 98-99,100 
secondary, 98,100 
tertiary, 98, 100 

as substance of life, 97 
synthesis of, 105-107,106 

antimicrobial action on, 152, 155t, 
156 

therapeutic, production of, 182 
Proteobacteria (phylum), 38t 
Pro~cs,97 
Prottus,57 

antibacterial action on, 156 
in indigenous microbiota, 176 
urinary tract infection of, 327, 372 

Prottus wdgtlris, 64t, 362t 
Prothrombin, coagulase and, 269 
Protista (kingdom), 37, 74,405 
Protist(s), 37,74 
Protoplasm, 25 
Protoplasts, 139 
Prototbea~, 74, 76 
Protothecosis, 74 
Protnzoa (sing.; protnzoan), 74, 75-78, 87 

agents against, ISO, 415 
algae vs., 75, 76 
cell structure of, 7 5 
as cellular microbes, 2, 44 
characteristics of, 75-77 
classification of, 77-78, 405 
cultures of, 140 
diseases caused by, 3t 
drug-resistant, 160 
intracellular survival mechanisms of, 268 
life cycle of, 7S 
means of motion, 77t, 78, 405 
medical significance of, 77-78 
nonmotile, 78 
p~tic, 75,77,404-414 
pathogenic, 78 
pond water, 1St, 15, 76,405 

reproduction of, 77t 
sizes of, 14, 1St 
spores of, 405-406 
study of, 11,15 

Protozoal infc:ctions, 78, 404, 406-414 
of central nervous system, 414 
of circulatory system, 411, 411-412t 
of~,405,406-407 
fvm animal, 18lt 
of gastrointestinal tract, 327, 345,407, 

408-410t, 408 
of genitnurinaly tract, 407, 41~11 
of skin, 406, 406 
zoonotic, 196t 

Protozoologist, 11, 75 
Protozoology 

de:finition of, 11,15 
Leeuwenhoek as father of, 7 

Provirus, 51 
Prusiner, Stanley B., 55 
Pscudohypha, 81-82, 82 
Pseudomembranous colitis (PMC), 166, 

214,278, 37lt, 379t 
Pseudomonads,36 
Ps~ 

antibacterial substance of, 278 
as denitrifying bacteria, 180 
disinfection and, 146 
generation time of, 13 5 
in indigenous micro biota, 176 
slime layer of, 31 
transformation in, 123 
urinary tract infection of, 327 
~~-~·.S7,1S5 

antibacterial action on, 156 
bioiilm of, 178, 179 
CNS infection of, 332 
ear infection of, 362t 
exudate in infections of, 282 
fimbriae or pili of, 267 
Gram stain of, 64t 
health care-associated infections of, 365 
toxin of, 272 
urinary tract infection of, 3 72 
virulence o~ 267 

Pseudomonicidal agents, 141 
Pseudopodia 
ofphag~s,285,286 
of protozoa, 75, 77, 77t, 40S 

Psittacosis, 37t, 68, 195, 196t, 3S8t, 365 
Psychroduric organisms, 131 
Psychrophiles, 70t, 111,132t, 133 
Psycbrotrophs,l31 
Public health agencies, 200-202 
Public Health Service, 201 
Puerperal fever, 223 
PnHballs, 84 
Pulmonary zygomycosis, 394t 
Pare culture, 10, 114, 135, 138, 251 
Purified protein derivative (PPD) skin test, 

311,311, 367t 
Purines, 101, 102 
Purple bacteria, 69, 118 
Purulent exudate, 282 
Pus,240t,246,282 
PusttUe,321,J21,360t 
Pyelonephritis, 327,372 
Pyocyanin, 282 

Pyogenic microbes, 282 
~de,157 
PyridOJine, production of, 176 
F}1ialldines, 101,102 
Pyrogens (pyrogenic substances), 271, 279 
PytWol1ut fowulrii, 131 
Pyruvic acid (pyruvate) 

Q 

in fermentation, 117 
glycolysis tn, 115,116 
in Krebs cycle, llS-116, 116 

Q kver, 68, 196t, 3S8t 
Quaternary ammonium compounds, 219t 
Quatenwyprotein structure, 98-99, 100 
Quellung reaction, 31St 
Quinacrine, 158 
Quinin.e,150 

R 
"Rabbit kvf:E," 3 7t, 3 77t (Ste lllso 

Tularemia) 
RabbitJ, as reservoirs, 195 
Rabies immune globulin (RIG), 299 
Rabies virus 

CNS infection of, 35lt 
electron microscopy of, 19 
inclusion bodies of, 49 
reporting of, 338t 
reservoirs of, 195, 195t, 351t 
vaccine against, 9, 292 

IUdiation, for sterilization, 140, 144,144 
1Udioallergosorbenttest~,316 
~ piclra#i, multidrug-resistant, 161t 
Raper, Kenneth B.,151 
Rapid freezing,141,143 
Rapid growers, bacterial, 13 5 
RapiD NF minisystem, 251 
RAST (See Radioallergosorbent test) 
Rat tapeworm, 416t 

infection, 196t 
ReceptoN,266-267,267,306 
Recipient cell. 33 
Recombinant DNA technology, 125, 126 
R.ec:t2.l swab, 240t, 248 
Red algae, 74 
Red blood cells, 243, 2..,3, 283 

crenation of, 132, H2, HJ 
hemolysis of, 132, 133, 252, 253, 270 

Redness, in inflammation, 282, 282n 
Redox reactions (See Oxidation-reduction 

reactions) 
Red tides, 74 
Reduced molecule, 117 
Reducing agent, 117-118, 118 
Reduction, 117 (Ste lll.ro Oxidation-reduc-

tion reactions) 
Reduviid bugs, 197t, 411' 41S 
Reemergjng infectious diseases, 333 
Refrigeration, 143 
Regulatory T cells, 300 
Rejection reactions, 312 
Relapsing fever, 57, 59, S9,196t, 273 
Relatedness, detennination of, 39 
Reluase, 123 



Rdease 
of animal viruses, 48, 48t 
ofbaca:riophages, 52t, 53,53 

Reoriruscs, 47t 
Replication 

of DNA, 102-103,105 
fork, 102 
of viruses, 44 

Reproduction, 34-35 
of fungi, 79-81 
of moulds, 82 
of prokaryotic cdls, 28, 35 
of protozoa. 77t 
of yeast, 82,82 

Reproductive hyphae, 82 
RES (Set Reticuloendothelial system) 
Reservoin of infection, 191-198, 194 

an!ttuUI,194-195,195-196t 
arthropodt, 197 
definition of, 193 
fumires, 198 
human carriers, 193-194 
living, 193-197 
nonliving, 198 

Resident microbiota, 174 
Resistance, antimicrobial,l59-164 

antimicrobial use/misuse and, 147, 163 
bactcrialaQ}uisitian of, 160-161, 162t 
bionlms and, 178-179 
conjugation and, 124, 160 
to disinfectants, 116, 146t 
in health car&-aaociated infections, 

214-216 
intrinsic, 160 
in mycoplumu, 69 
prevention, among hospitalized adults, 

213,214t 
selection for, 166,166 
stratcgie5 in wu against, 163-164 
"superbugs" and, 159-160 

Resistance factor, 124, 160 
Resistant organisms, sdcction of, 166, 166 
Resistant, use of tcl'lll; 294 
Resolving power (resolution), 14, 16t 

of compound light microscope, 18 
of dectron microscope, 19-20 

Respiratory chain (Set Electron transport 
chain) 

Respiratory infmions, health.care associ
ated, 213 

Respiratory protection, 226, 227 
Respiratory syncytial virus (RSV), 323, 

343, 344t, 362t, 365 
Respiratory system 

anatomy of, 322, J24 
hlcterial infections of, 362,364-366, 

364t, 366-367t 
hdminth i.nfectioo.s of, 416t 
host defense mechanisms of, 277-278 
infections diseases of, 322-324 
microbiota of, 173, 174t, 175, 322 
t:ransmission via, 199t, 200 
viral infections of, 342-343, 344-34St 

Respiratory therapists, 324 
Reticuloendothelial system (RES), 284 
Retinitis, 322, 342t 
Retrograde evolution theory, of viruses, 46 
Retroviruses, 47t, SO, 125 

Re9erse transcripwe, 50 
Reye syndrome, 3 39t 
R (resistance) factor, 124, 160 
Rhabd09irus, 47t 
Rheostat, of compound mictoK:OpC, 18 
Rhinitis, acute viral, 342-343 
Rhinovirus, 343, 344t 
~180,181 
Rhizoptu, 81 , 85t, 86, 392, 394t 
Ribofimn, production of, 182 
Ribose, 93, 101 
Ribosomal RNA (rRNA), 26, 101, 106-

107,119 (SeeMio RNA) 
identification by, 39 
relatedness determined by, 39 
sequencU1g,39,67,70 

Ribosome(s) 
of algae, 74 
antimicrobial action on, 156 
of eubryotic cells, 2J, 27, 35t, lOS 
of prokaryotic cells, 28, 29, 30, 35t, 105 

R.iclcctts, Howvd T., 68 
~ 68, 68t, 268 
Rid:ettmlllhtri, 68t 
Rickettsial infections, of cardiovucular 

~.374,374-375t 
R.iclccttsial poz, 196t 
Rid:ettJill p1"t111111Zt~i. 68t, 3 7 5 t 
Rid:ettJill ritltlett1ii, 68t 

cardiovucnlu infection of, 374t 
Gam stain of, 64t 
intracellular survival mecbani•1ns of, 

268,287 
lticke~,36-37,68,68t 

antibacterial action on, 156 
cardiovucnlu infection of, 374, 3 74t 
cultures of, 13 51 139 
intracellular survival m e.ch anis1ns of, 

268,288 
Rid:ettJill typhi, 68t, 3 7 4t 
Rifamptn,157,161t 
Rifamycins, 1S4t 
Rift Valley fever, 333 
RIG (See Rabies immune globulin) 
Rings (cyclic compoundt), 91,91 
R.ingwrum, 85, 85t, 196t, 390, 391 
"River blindness," 201,416t 
RNA (ribonucleic acid) 

bac:t:crial, 67 
bacteriophage, 52 
Central Dogma and, 103 
DNAw.,103 
enkaryotic:, 26 
as macromolecule, 90 
miRNA, 101, 119 
mRNA, 27, 101 
nucleotides, 101 
polymerue, 105, 112 
rRNA, 26, 39, 67, 70, 101, 106, 119 
transcription of, 104-105, 119 
translation by, 105-107,106 
tRNA,26, 101,105-106,119 
types of, I 01 
viral, 44, 45,47-48 

Rocky Mountain spotted fever, 196t, 358t, 
374t, 375, 418 

Roquefort cheese, 83, 183 
Rosaniline, ISO 
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Rose cutters disease, 391 
Rotaviruses, 296, 346 
Rough endoplasmic reticulum (RER), 25, 

26 
Roundworms, 414 
RSV (See Respiratory syncytial virwl} 
Rubella, H8t, 339t, 341 
Rubeola virus, 354, 425 (Stt lllso Measles) 
Rudimentary bacteria, 67-69 
Rusts, 85, 181, 182t 

s 
Sabouraud dc:mosc agar (SDA), 140, 253 
S.alummryas, 117, 177 
~amJisilu, 82,347 
Salinity 

and indigenous microbiota, 174 
and microbial growth, 132-133, 133 

Saliva, as host defense m.eclunism, 278, 
325 

Salivary transmission, 199t 
Salmon, Daniel Elmer, 37 
~U.,37,57,243 

in Ames rest, 120 
CNS infection of, 3 32 
diagnosis of infection, 248 
fimbriae or pili of, 267-268 
foodborne infectiODS of, 189, 198t, 369t 
gastrointestinal infection of, 196t, 202t, 

369t 
in gene therapy, 125 
Grun stain of, 64t 
multidrug-resi.stant, 147, 161t 
phagocytosis ensi.an by, 287 
radiation and, 144 
reservoirs of, 195 
toJ:in of, 2 71 
virulence of, 266, 267-268, 271 

s./mlmeUI mtn'W, 369t 
~UI enteritidis, 198t, 369t 
~UI ptmn;ypbi, 370t 
StdmoruUI typhi, 370t 

Gram stain of, 64t 
phenol coefficient test with, 147 
reservoirs of, 198 
Typhoid Mary as carrier of, 194 
~UI typhim#ritlm, 369t 

DT-104, 198t 
Salmonellosis, 195, 196t, 202t, 3 58t, 

369-370t 
reservoirs of, 198 

Salpingitis, 329 
Salton. M. R. J ., 60 
Salvarsan (arsphenmrlne), 150 
Sand fii.es, 197t 
Sanitif:ation, definition of, 14<1 
Saprobe (Set Saprophytes) 
SaprophfU3,3,4,78,94,112, 179-180 
Saprophytic fungi, 111 
~ _.triaJi, 58 
SARS (See Severe acute respiratory 

syndrome) 
Saturated fatty acids, 9 S 
SBE (See Subacute bacterial endocarditis) 
Scabies, 41St 

isolation and identification of, 2SS 
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Scalded skin syndrome, 272, 360t 
Scanning elearon microscope (SEM), 16t, 

19-21,20,21 
of CI1Nlid4111biams, 20 

Scarlet fever, 121,272, 361t 
Sce~,392 
Schistosome, 213 
Schistosomiasis, 273, 416t, 417 
S~c±D.~,367 
Schroeter,Josepb, 134 
SCID (See Severe combined 

immunodeficiency) 
s~.so 
"Scou:h tape prep," 240t, 254, 255 
Scrapie, 56t 
Scrub typhus, 196t 
SDA (See Sabouraud dCittose agar) 
Sebaceous glands, 277, 320, 321 
Sebum, 277,321 
Secondary infection, ofbacterW. pathogen, 

264-265 
Secondary protein structure, 98, 100 
Secondary respome, to antigens, 302 
Secondary sewage treatment, 209 
Secondary syphilis, 264, 264, 373t 
Second-generation cephalosporins, 1 55 
Second line of defense, 276, 276, 277, 

278-289 
acum..phase proteins in, 28~281 
complement system in, 279, 280 
cytokines in, 281 
fever in, 2 79 
inftammation in, 279, 281-283, 281, 282 
interferons in, 279-280 
phagocytosis in, 279, 283-287 
transferrin in, 279 

Sedimentation, 207, 208 
Selective medium, 135-136 
Selectm: permeability, 25 
Self and nonself, in immune system, 293, 

293n, 301 
SEM (See Scanning electron microscope) 
Semicritical items, 218 
Semisolid agar method, for determining 

motility, 65, 65 
Semisynthetic antibiotics, 83, 150-151, 

153t 
Semmelweis, Ignaz Philipp, 217, 223 
Seoul virus, epidemic o£;.189 
Sepsis, definition of;. 141 (See 11/so 

Septicemia) 
Septate hyphae, 1St, 79, 79, 8lt 
Septicenria,270-271,330 

definition of, 243, 244 
health caro-usociated, 214 

Septicemic plague, 204, 376t 
Septic shock. 211 
SER (See Smooth endoplasmic reticulum) 
Serine, 98 
Serologic procedures, 312 
Serology Section of CML, 249 
Serotonin, 308 
Serotypes vs. strains, 69 
Serovars, 69 
St'1'1'11tiil, 156,365 
SCI't1Ill,243 

acute, 314 
convalescent, 314 
paired specimens of, 314 

sickness, 310 
Serum hepatitis (Stt Hepatitis B) 
Sessile organisms, 178, 178 
Settling, in water treatment, 207 
Seven-Kingdom System of Classification, 

38 
Severe acute respiratory syndrome (SARS), 

333,338t 
Severe combined immunodeficiency 

(SCID), 312 
Sewage disposal, 206-209 
Sex hormones, 97 
Sex pilus, 33, 123, 124 
Sexually transmitted diseases (STDs), 187, 

200,329 
bacterial, 372, 373t, 374 
specimens, 248 
viral, 347, 347t 

Sexual reproduction 
of fungi, 79-81 
of moulds, 82 
of protozoa, 77t 

Se:rual spores, of fungi, 79-81, 81t 
Sharps, disposal of;. 220, 227-228, 228 
Shibasaburo, Kit:asato, 293 
Shiga tnxin, 272 

producing Ertberit:hill coli, 358t 
Sbigi/111, 57 

diagnosis of infection, 248 
fimbriae or pili of, 267 
gastrointestinal infection of, 198t, 327, 

345,370t 
in gene therapy, 125 
Gram stain of, 64t 
multidrug-resistant, 161t 
toxin of, 271,272 
virulence o£;. 266, 267, 271, 272 
waterborne infections of, 198t 

Sb. boydii, 3 70t 
S tljsmttrille, 37t, 370t 
Sbi~U.~,370t 
Sbi~U. srmt~ei, 3 70t 
Shigellosis (bacillary dyJentery), 198, 199t, 

202t, 327, 345, 358t, 370t 
Shingles, 49-50, 264, 339t 
Shock:, 271, 308 
Signs of disease 

definition of, 264 
symptoms w., 263-264 

Silentmutations,119-120 
Silkworm disease, 9 
Simple microscope, 7, 14-15,17 
Simple stain, 60, 60, 64t 
Single bond, 91 
Single-lens microscopes, 7 
Sin Nombre virus, 344t 
Sinusitis, 323, 380t 
Six-Kingdom System of Classification, 38 
16S rRNA, 39, 67,70 

gene sequencing, 257 
60S ribosome, 27 
Skin 

anatnmy of, 320 
bacterial infections of, 359, 359-36lt 
as :first line of defense, 277,320-321 
fungal infections of, 391 
helminth in!ecti.on o£;. 416t 
in!ectious diseases of, 320-321 
lesions of, 320-321,320 

microbiotaof, 173, 174-175,174t, 320 
protozoal infections of, 406, 406 
scrapings, 240t, 253, 2>3, 391 
snip,240t 
test(s) 

for allergies, 310 
as diagnostic tool, 317 
for tube.rculosis, 10, 311, J 11, 31ln, 

312,367t 
t:rammission via, 19~200, 199t 
viral infections of, 339, 339-340t, 341 

Slime layer, of prokaryotic cells, 28, 31 
Slime moulds, 74, 87, 87 
Slow growers, bacterial, 135 
Slow-reacting substance of anaphyluis 

(SRS-A), 308 
Sludge, primary, 209 
Small intestine, microbiota of, 175 
Smallpox, 340t 

bioterrorismlwarfare potential of, 204, 
205 

Chinese method of preventing, 295 
clinical presentation of, 204, 204 
electron microscopy of, 19 
eradication of, 204 
history of, 7 
inclusion bodies of, 49 
public health efforts on, 201 
reporting of, 338t 
vaccine against, 292, 295 

Small subunit rRNA (SSUrRNA), 39 
Smooth endoplasmic reticulum (SER), 

25,26 
Snow,John, 188 
Soil 

microbes in, 18~181 
nitroge:n-fi:dng bacteria in, 180, 181 
as reservoir of infection, 198 

Solid media, 135 
Solution(s) 
~c,132,1J3 
bypotonh;132,1JJ 
isotonic, 132, 133 

Somatostatin, 124-125 
Somatntropin, 124-125 
Sonic sterilization, 141, 144--145 
Sore throat (pharyngitis), 323, 362, 36<k: 
Sound-alike terms, 69, 125, 279, 288, 339 
Spanish flu pandemic, 190, 343 
Spaulding, Earle H., 218 
Specialized transduction, 122 
Species, 24, 36, 37, 38t 

-specific pathogens, 11 
Specific epithet, 36, 38t 
Specific host defense mechanisms, 216, 

277, 292 (See lllso Immune sys1%m) 
Specimens (See Clinical specimens) 
Spectrophotometer, 13 8 
Spheroplasts, 139 
Sphingolipids, 9$, 96,97 
S~goDlyelin,97 
Spinal fluid (See Cerebrospinal fluid) 
Spinal tap, 246, 247 
Spiral-shaped bacteria, 57-59, 57 
Spirilla, 57-59,57 
Spirochetes, 32-33, 57, 63, 64t, 155, 156 
Splenomegaly, 264, 349t 
Spongiform encephalopathies, 195 
Spontaneous genention, theory of, 8, 34 



Spontaneous mutations, 120 
Sporadic disease, 187 
Sporangiospores, 81 
Sporangium, 81t 
Spore(s) 

autoclaves and. 143 
of bacteria, 33, 14 
disinfection and. 146 
offilogi, 19-81,81,86 
iDhalation of, 86 
of moulds, 82 
of protozoa, 405.....<106 
re&eezing and, 144 
in soil, 180, 198 

Sporicidal agena, 1~141 
Sporoplasm, 84, 397 
Sporothrix schenckii, 83, SSt, 391-392 
Sporotrichosis, 83, 8St, l96t, 391-392, 392 
Sjxrrot:Oil, 78, 4(15 
Sporulation, 33 
Spotted fever rickettsiosis (See Rocky 

Mountain spottl::d fever) 
Spreading factor (Su Hyaluronidase) 
Sputum, clinical specimens of, 240t, 

246-247 
SSSS (See Staphylococcal scalded skin 

syndrome) 
SSUrRNA (Su Small subunit rRNA) 
Stage micrometer, 14 
Stains/staining procedure, 59-64 

acid-fast, 62-63, 64, 64t, 256 
differentia), 64, 64t 
flagella, 65 
Gram, 60-64, 61-61, 63-64t 
of important pathogenic bacteria, 

63-64t 
negative, 31, 32,44 
simple, 60, 60, 64t 
structnnl, 60, 64t 

Standard Precautions, 221-228, 222 
clinical specimens in, 241 
environmental control in, 227 
band hygiene in, 223-224, 224-22) 
linens in, 227 
patient-care equipment in, 227 
personal protec:tive equipment in, 221, 

22+-227 
sharps disposal in, 227-228,228 
vaccinations in, 223 

Staph, 37 (See /llsQ St4phyklt:o«tu) 
St4phy~, 38t 
Staphylococcal scalded skin syndrome 

(SSSS), 272, 360t 
Staphylococci 

binary fission of, 134 
classification of, 36 
morphology of, 57,58 

St4phylot:ocau, 38t, 57 
biofilm. of, 178 
cardiovascular iDfcct:ions of, 375 
disin!ecti.on and, 146 
aoenzymes of, 270 
generation time o~ 135 
in indigenous microbiota, 174, 174t, 

175-176,327 
in penicillin discovery, 151-152, 1>2 
reservoirs of, 198 
sizeof,14 
skin infections of, 272, 360t 

transformation in, 123 
urinary tract infections of, 372 

StiiJibylococcw II'IIMM, 271 
biofilm of, 178, 178 
cardiovascular infection of, 37 5 
classification of, 38t 
CNS infection of, 332 
coagulase of, 269 
compound light miaoscopy of, 21 
cultw."es of, 136, 136 
diseases caused by, 361 
drug-resistant, l61t, 162,213,333, 358t, 

360t 
ear infection of, 362t 
electron miaoscopy of, 21 
exoenzymes of, 269 
Gram stain of, 63t 
health care-associated infections of, 213, 

365 
morphology of, 58 
as opportunistic pathogen, 177 
phenol coefficient test with, 147 
pneumonia with, 323,365 
salinity and, 13 3 
sinus infection of, 323 
skin infections of, 272, 360t 
toxins of, 266,271-272 
transmission of, 198 
urinary tract infection of, 3 72 
virulence of, 266, 269, 271-272 

Supbylococcw epidmlfitJis 
cardiovascular infection of, 375 
in indigenous microbiota, 174 
methicillin-resistant, l61t, 213 
urinary tract infection of, 327, 372 

Supbylococcw saprophytitw, 327, 372 
Stap~okinase,269 
Stap~othrombin, 269 
Starch, 92, 94, 95 
Stationary phase, 139, JJ!J 
STDs (&e Semally transmitted diseases) 
Steam sterilization, 142-143 
Saotrophomvn4S~hilill,161t 
Stenttw, 76, 405 
Sterile technique, 6, 141 
Su:rilizati.on, 14(1 

by chemical agents, 145-147,218 
by cold, 143-144 
definition of, 140 
by desiccation, 141, 144 
in healthcare setting, 217 
by heat, 141-143 

dry, 14(1, 141-142, 142 
moist, 142-143 

by radiation, 140, 144, 1 +f 
byultrasonicwaves, 141,144-145,218 

Steroid hormones, 9), 97, 97 
Stewart, Wdliam H., 333n 
Stigma, of algae, 74 
StLouis encephalitis, 338t, 351t, 352t 
Stomach flu, 344t, 346 
Stool specimens, 240, 240t, 248 
Strains 

serotypes w., 69 
virulent vs. avirulent, 265 

Streaking, 137, 137 
Strep, 37 (See lllso ~) 

throat, 248,310,323, 364t 
Streptnbacilli, 57 
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Streptococcal toxic shock syndrome, 358t 
Streptococci, 36, 57, 58, 6J 

Gram stain of, 61 
s~,51 

antibacterial action on, 1 SS 
antibody destruction by, 273 
cardiovascular infections of, 315 
disinfection and. 146 
e.xoenzymes of, 270 
generation time of, 13 S 
in glucose conversion, 117 
in indigenous microbiota, 174t, 17 5-

176,327 
molecular mimicry by, 273 
oral iDfcct:ion of, 3 2 5 
reporting of infections, 3 58t 
skin in!ections of, 361t 
transformation in, 123 

Stnpt«ot:au ~. 248, 332 
Stnpt«ot:au mitit, 325 
s~~.>B,17S,32S,36s 
~ J1'MIIIIWfJUre, 37t, 202t, 387' 425 

capsule of, 31,269 
cardiovascular infection of, 375 
CNS infection of, 332 
ear infection of, 362t 
eye infection of, 363t 
Gram-positive, 36> 
Gram stain of, 62, 63t 
multidrug-resistant, 16lt 
nomenclature for, 3 7 
pneumonia with, 323, 36S 
reporting of, 3S8t 
sinus infection of, 323 
transformation in, 123 
virulent w. avirulent strains of, 265-266 

S~P,10~,>8,386,42S 
attachmen.t of, 267 
cardiovascular infection of, 3 7 5 
culture of, 136 
diseases caused by, 361 
ear infection of, 362t 
exoenzymes of, 269 
fimbriae or pili of, 267 
:flesh-eating strains of, 266, 269 
Gram stain of, 63t 
hypersensitivity reactions to, 310 
lysogenic conversion in, 121 
necrotizing enzymes of, 266 
pneumonia with, 365 
sinus infection of, 323 
skin infections of, 360t, 36lt 
throatuurection,248,310,323,364t 
tolins of, 269,212, 360t, 361t 
virulence of, 266, 267, 269, 272 
s~ sttliwtrius, 325 
S~san~,325 
Streptogramin, 154t 
Streptokinase, 269 
Streptomycin, 151-152, 182 
Stress, and host defense mechanims, 288t 
Strongykidu stm:rmtlis, 416t 
Strongyloidiasis, 416t 
Structural staining procedures, 60, 64t 
Sty or stye, 321 
Subacute bacterial endocarditis (SBE), 263, 

375 
Subacute disease, 263 
Subclinical disease, 263 
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Subcut2noous mycoses, 86, 391-392, 392 
Subsa2te,ofenzytne,99,112,112,113 
Subn!Utvaocines,297t 
Sucrose,92,93,9J 
Sulbactam-ampicillin (Unasyn), 163 
Sulf.wilamide, 151-152 
Sulfonamide drugs, 152,1H,1S4t 
Sulfur cycle, 3,180 
"Superbugs," 159-160, 16lt, 333 
Superficial fungal infections, 85-86, 390 
SuperUUecti~166,174,214,278,328 
Superoxide anion, 288 
Surface antigens, 69 
Surgical asepsis, 220 
Surgical site infections, 214 
Surgical tcclmologists, 221 
Survival m.echa.nisms, intracellular, 268, 

268t, 287-288 
Svedberg units, 27 
Swelling, in inflammation, 282, 282n 
Swift, Jonathan, 404 
Swimmer's car (See Otitis enema) 
Sw:ine fiu pandemic (See Spanish fiu 

pandemic) 
Symbionts, 86, 170 
Symbiosis (symbiotic relationships), 86-87, 

170-172 
commensalism, 170-171,170 
definition of, 170 
mutoaHsm, 75,77,86-87,170,171 
neutralism,l70 

Symptomatic disease, definition of, 
263-264 

Symptom of disease 
definition of, 263 
signs flr., 263-264 

Synergism 
of antimicrobW agents, 1 S7, 179 
of microbes, 179 

Synergistic infections, 11, 179 
Synovial fluid specimens, 240t 
Synthetic media, 135 
SypbiUs,329,373t 

causative agent of, 373t (Set 11/so 'lrtpo-
ntmt~ ptll.lidum) 

chmcre of, 264, 265, 173t 
history of, 7 
latent, 264, 264 
microscopy in, 18-19, 19 
primary, 264, 264, 373t 
reporting of, 202t, 358t 
secondary, 264,264, 373t 
tertWy, 264,264, 373t 
transmission of, 200 

Systemic anaphyluis, 308-309 
Systemic~n,263 
Systemic mycoses, 86, 392-393 

T 
16milt mgin#t.f, 416t 
'1/tmilt solium, 416t 
Taltmmrjeu (Pmil:i/Jium) 1tlllt"tUjfii, 392 
Tape, pressure-sensitive autoclave, 143, 

143 
Tapeworms,196t, 414,415 
Tatum, Edward, 123 

Tan (sing; tuon), 36 
Taxonomy, 35-38 

definition of, 35-36 
Tazobactam-ceftol.ozane (Xerbua), 163 
'fu:obactam-piperacillin (Zosyn),163 
TCA cycle (See Krebs cycle) 
T cell(s) 

in antigen processing, 299t, 301 
in IDV infection, 51, 267 
in immune symm, 300, 301-302 
interferons produced by, 279 
in lymphatic system, 282-283 
memory,302 

T-dependent antigens, 299t, 301 
TDP (See Thel'Dl21 death point) 
TDT (See Thermal death time) 
Tease mollDt, 254 
Teasing needles, 254 
Ui.choic acids, 61 t 
TEM (See 'fransmission electron 

microscope) 
Temperate bacteriophages, 52, 54, 121, 

121t 
Temperature 

conversions,426 
and enzyme efficiency, 113, 131 
and host defense mechanisms, 277, 279 
and indigenoWJ microbiott, 173-17 4 
and microbial. growth, 131,131t, 132t 
requirements, for bacteria, 67 
and srerilization, 141-143 

1erbinafine, 158t 
Termites, 94,171 
Terrorism, pathogens in, 6 
Tertiary protein structure, 98,100 
Tertiary sewage treatment, 209 
Tertiary syphilia, 264, 264, 373t 
Testosterone, 97 
Tetanospasmin, 211,298, 332, 378t 
TetanllS, 31St 

ca11Sative agent of, 37t, 62, 378t, 380t 
(See lllsrJ C/lmridium tetMJJ) 

disinfection againtt, 146 
immune globulin, 299 
neonatal,201 
reporting of, 358t 
soil and,180, 198 
toxin, 271,271 
toxoid,296 
vaccine against, 296 

Tetrachloroethylene, 183 
Tetracycline, 151-152, 153, 154t, 156, 182 
Tetrads, 57, 58,63 
Tettasaccharides, 93 
Tettose, 92, 92t 
Thallus (mycelium), 79, 79 
Thayer-Martin agar, 136, 248 
Thermal death 

point, 141 
time,l41 

Tlw:mophiles, 70t, 131,132t, 133 
Thimerosal, 298 
TillO (See Thioglycollare broth) 
Thioglycollate broth (Till0),136-137, 

137 
Third-generation cephalosporins,l55 
Third line of defense, 276,276, 277, 292 

(S" lllsrJ Immune system) 

Three-Domain System of Classification, 
37-38, 70 

Threonine, 98 
Throat swab, 240t, 248 
Thrombocytes (See Platelets) 
Thrush, SSt, 86, 325, 393, 395-396, 395, 

400,425 
Thylakoids, 69 
~e,l01,102,103,104 
Tickborne typhWJ fever (See Rocky Moun

tain !pOtted fever) 
Ticks 

exposure,354,42S 
isolation and identification of, 255 
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Thxigenicit;y/toxinogenicity, 364t 
Thxigenic strains, 121,265 
Toxin(s),6 

of algae, 74, 332 
antitoxins against, 297t, 299, 303 
bo~al,121,203,271,299,332 
in CNS disease, 332 
ofcyanobac~, 70 
diphtheria, 121, 271 
and enzymes, 99 
erythrogenic, 121,266,271, 36lt 
exfoliative, 271 
of fungi, 85, 332 
tetan\U, 271, 271 
as virulence factors, 266, 270-272, 

270--273 
Toxoid vaccines, definition of, 297t 
Toxopfllmul, CNS infection of, 332 
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fimbriae or pili of, 261 
generation time of, n 5 

Gram stain of, 64t 
lysogenic conversion in, 121 
pH and, 132 
reservoirs of, 369t 
salinity and, 133 
toxin of, 271 

Vlbrib JHmlh~, 57, 369t 
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